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ASO0RDING to some authors, the colorimetric determination of plasma 
volume as a preliminary step to obtain the total blood volume cal- 
culated through the jugular haematocrit gives higher values than the 
total blood volume obtained with combined methods, which detect the 
plasma and red cell volumes separately. Consequently, for studies on 
the distribution of plasma and red cells, a total blood volume estimation, 
obtained by adding the results of red cell and plasma volume determi- 
nations, is essential. 

Of the different techniques for determining the total red blood cell 
volume using carbon monoxide, red cells tagged with Heinz corpus- 
cles (7), or radioactive substances, the most simple and reliable are the 
latter. Not being able as yet to use radioactive procedures in our labo- 
ratory, we developed the present method with the object of using it on 
dogs during experimental shock. It is a method for experimental work 
with no claims for its application in practice nor for other types of 
determinations. It could be considered as an improvement of the method 
described by Moore et al. (®). 


METHODS 


The method used in this work is based on the well known fact that the red cell 
does not exchange its haemoglobin content during its life cycle.. The median corpuscle 
haemoglobin concentration is a haematological constant in normal animals and varies 
slowly even in pathological conditions. A method based on such a constant should be 
less subject to error than others, taking into consideration the ratio plasma/red cells 
in the calculations of the total blood volume, on account of the variation of this ratio 
throughout the circulatory system. There is proportionally more plasma than cells 
in the capillaries than in the great vessels, but the ratio red cell volume/haemoglobin 


* Aided by a grant from Dr. Guilherme Guinle. 
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content is constant, the constituents of the blood cells remaining the same during 
the circuit of the blood from the capillaries to the great vessels and vice-versa. 

The general idea of the method consists in injecting a known amount of red cells 
in which the haemoglobin has been chemically transformed into methaemoglobin and, 
after a period of time —to allow complete mixing of the injected erythrocytes with 
the red cells of the animal—, to determine the methaemoglobin content of the blood 
and thus by calculation obtain the total red cell volume, which is inversely proportio- 
nal to the amount of dilution of the injected mathaemoglobin. 

Two subsidiary considerations should be taken into account: the determination of 
the physiological methaemoglobinaemia and the rate of conversion of the injected 
methaemoglobin into haemoglobin in the animal during the period of the determi- 
nation. 

To determine the plasma volume, Evans blue dye (T-1824) was used, both deter- 
minations —plasma and red cell volumes— being done at the same time. 

For clarity the method will be divided into five different procedures: 1) Physio- 
logical reduction of methaemoglobin. 2) Preparation of the red cells with methaemo- 


TABLE I 
Body reread Injected Methaemoglobin (%) 
weight haemo- 
(kg) globin (e) Minutes 

(g) 5 10 20 30 60 
658 7.8 = 5.5 8.2 7.3 5.5 5.4 5.2 
658A — 10.4 — 11.2 11.0 10.6 10.0 9.2 
656 8.2 11.8 5.3 3.1* 8.9 7.6 me 7.0 
662 9.0 11.0 6.2 7.8 7.3 6.9 6.7 6.2 


* Five minute determinations were not reliable, probably on account of insufficient 
mixing of the injected cells with the cells of the recipient. 


globin. 3) Determination of methaemoglobin in the circulating blood. 4) Injection and 
sample collection of the red cells using methaemoglobin and Evans blue dye. 5) Calcu- 
lations and an example of the determination. 


1) Physiological reduction of methaemoglobin. 


It is known that methaemoglobin is slowly reduced within the body to haemoglo- 
bin, which recovers its capacity to transport oxygen as oxyhaemoglobin. The rate of 
this reduction had to be known before any attempt to determine blood volumes could 
be made. Four dogs were submitted to this test, samples of blood being taken for the 
methaemoglobin determination with the same interval of time (table I). 

The analysis of the methaemoglobin reduction in the interval between five and 
sixty minutes shows an exponential shaped curve, but for the red cell volume deter- 
mination, however, the curve limits between ten and twenty minutes could be consi- 
dered as linear for the correction effect due to the progressive reducticn of methas- 
moglobin during this period of time. 

2) Preparation of red cells with methaemoglobin. 


A normal dog is bled from the jugular vein using sodium citrate as anti-coagu- 
lant. The amount taken is proportional to the body weight of the dog in which the 
red cell volume is to be determined (5ml of blood per kg of body weight). An excess 
of sodium nitrite is now added to the blood as a spur of solid salt. The blood is shaken 
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to dissolve the nitrite and allowed to stand three to four hours till practically all the 
haemoglobin has been converted into methaemoglobin. The blood is centrifuged, the 
supernatant discarded and the packed cells washed several times with 200 ml of 
saline, till the supernatant shows no traces of nitrite, i.e. when no blue color appears 
cn a filter paper soaked with a mixture of starch and potassium iodide. The super 
natant is discarded and the packed cells resuspended to half volume with saline. 
They are now ready to be injected. To determine the amount cf MHb. take 0.1 ml 
and complete to 6 ml with distilled water. Find the optical extinction at 618 my. 
The result (g/ml) is obtained by multiplying its extinction by 100 and dividing by 
the specific extinction coefficient cf MHb. at 618 my (200) and by the dilution (6/0.1). 


3) Determination of methaemoglcbin in the circulating blood. 


The method for determining blood methaemoglobin colcrimetrically has been des- 
cribed elsewhere (2). We give here a mere schematic procedure. All the colorimetric 
work has been done with a model DU Beckmann spectrophotometer*. 

1) 3 ml of blood is collected from the jugular vein into a tube ccntaining a mixture 
of oxalate salts (0.12 ml of a solution of potassium oxalate 2% and ammonium oxa- 
late 3%). 

2) To find the total haemoglobin of the sample (oxyhaemoglobin plus methaemo- 
globin) take 0.02 ml of blood in 3 ml distilled water. Add a spur of potassium ferricya- 
nide (for conversion of oxyhaemoglobin into methaemoglobin) and afterwards a spur 
of potassium cyanide (for conversion of methaemoglobin into cyanmethaemog!obin). 
Find the light. extinction (1 cm light path cube) at 540 my. Total haemoglobin (g per 
100 ml blood) is found by multiplying the extinction by 21.7 (Constant derived from 
the specific extinction of cyanmethaemoglobin at 540 my—0.00145 — multiplied by 
100 and the blood dilution correction — 3/0.02). 

3) To find the methaemoglobin content, take 2 ml of blood, centrifugate at 3000 
revolutions per minute, for ten minutes. Discard the supernatant and add 3 ml cf 
distilled water. Shake violently and wait five minutes for complete haemolysis. Add 
40 mg of sodium chloride. Shake. Centrifuge at 3000 revolutions per minute, for 
15 minutes. Carefully remove mcst cf the supernatant which will be the sample to be 
determined. 

4) Before proceeding, the total haemoglobin of this sample should be determi- 
ned: 0.1 ml of the haemolysed supernatant is put in 2.9 ml of distilled water. Haemo- 
globin of the sample (g per 100 ml) is obtained by multiplying the light extincticn 
obtained at 540 my by 4.35 (constant derived from 0.00145 <x 100 X 3/0.1). 

5) Find the extinction of the sample to be determined at 618 my, (this result 
we called E,,). Add to the sample still in the spectrophotometer cube a spur of potas- 
sium cyanide and stir with a thin rod. Find the new extinction at 618 my (result 
called E). 

6) Calculation: 

: (E,—E) 10000 
Methaemoglobin in relation to total haemoglobin (%) = 


Sample Hb. X 140** 
MHb. (%) X Total Bb 
Methaemoglobin (g per 100 ml of blood) ......... = 


100 


4) Injection and sample collection of the red cells using methaemoglobin and 
Evans blue dye. 


1) The jugular vein is punctured and 10 ml of blood taken and put in a flask 
with an oxalate mixture (0.4 ml of the mixture) in dry state. 5 ml is to be used for 
plasma vclume, 3 ml for physiological methaemoglobin and 2 ml for current haema: 
tological data. 

2) The red cells with methaemoglobin are injected through the jugular vein, the 
syringe washed with saline, and this saline injected also. A stop watch is started at 


* Obtained with a grant from Ella Sachs Foundation and Rockefeller Foundation. 
** Constant corresponding to unities of light extinction (MHb specific extinc- 
tion coefficient minus CyanMHb. extinction coefficient at 618 my). 
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the end of the injection. When total blood determinations were desired as soon as 
the injecticn of cells was finished, a solution of Evans Blue was injected (5 ml of a 
0.1 g % of Evans Blue for dcgs between 6 and 10 kg). 

3) Ten minutes after the injection of cells, 10 ml of blood were removed through 
the needle, which should have remained in the jugular, and put in a flask containing 
the appropriate amount of cxalate mixture (0.4 ml). 5 ml of blood is centrifuged, 
the supernatant taken and the light extinction determined at 618 my against the 
plasma taken before the injections, to obtain the total plasma volume. The other 
5 ml will be used for the first MHb determination (MHbyj0). 

4) Twenty minutes after the injection another 5 ml of blood is taken and the 
second MHb determination made (MHbzeo). 

5) Calculation and an example cf the determination. Calculation of total plasma 
volume. 

The specific extinction coefficient of Evans blue at 618 my is 50000, a solution 
of 0.00002 g/ml giving an extinction of 1.0. Thus knowing the amount of dye injec- 
ted (I) and the plasma extinction (PE) after the mixing of the dye in the circula- 
tion, the amount cf total plasma is given by the formula: 


50000 x I (g) 


Plasma volume (inl) = 
PE 


Calculation of total red cell volume. 


The MHb. value to calculate the total red cell volume should be corrected for the 
reduction within the body and also substracted by the physiological MHb. of the animal. 
Thus the MHb. value for the ten minutes sample is corrected acccrding to the 
formula: 

MHb.10 
MHb., = K_ Mb ..10 
MHb.20 


and the final result found after: 
MHb. = MHb.; — MHb.o 


where MHb.o stands for the physiological methaemoglobinaemia before the test. 

Knowing now the amount of MHb. injected (MHb.1), the corrected MHb. concen- 
tration in the blood after the mixing of the injected red cells with the cells of the 
recipient (MHb.) and the mean corpuscular concentration (MCC) the total red cell 
volume si calculated by the formula: 


MHb.1 (g) 10000 


Total red cell volume (m!‘) = 


To illustrate this rather involved procedure a protocol of a typical determination 
is given: 

Dog 706.— Weight: 8.7 Kg. Haemoglobin: 8.3 g/100 ml. Jugular haematc- 
crit: 26 %. Mean corpuscular concentration: 32 %. 


Optical extinction 


at 618 Calculation 
Plasma veclume 
Injection cf 5 ml of a 0.1% so- 50000 X 0.005 
lution of Evans blue (5 mg) 0.520 PV = = 480 ml 
0.520 
Red cell volume 
Physiological methaemcglobi- 
naemia 0.84 — 0.80) X 10000 
Sample haemoglobin 1.55 MHb. = ( ) —0.4 % 
E, 0.84 (1.55 X 4.35) X 140 


E 0.80 
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Methaemoglobin injected 
(20 ml) 


MHb. (10 minutes sample) 
Sample haemoglobin 
E 


E 


MHb. (20 minutes sample) 
Sample haemoglobin 

E 
E 


Correction for MHb. 
reduction 

Correction for physiological 
methaemoglobinaemia 


Red cell volume 


0.500 


0.500 
0.460 
0.340 


0.650 
0.680 
0.540 


Reliability of the method 
To ascertain the consistency of the method five determinations were performed 
on the same dog within a period of a week. These results are presented in Table II. 


MHb. 


MHb. 


MHb. = 


MHb. 


Red cell vol. = 
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0.500 x 0.6 X 100 


= == 0.15 
200 (g/ml) 
(0.46 — 0.34) 10000 
= =3.9 % 
(0.5 « 4.85) 140 
(0.68 — 0.54) 10000 
= =3.5 % 
(0.65 X 4.35) 140 
3.9 X 3.9 
= — 43 % 
3.5 
MHb. = 4.8 —0.4=3.9 % 
3.0 X 10000 
3.9 X 32 


TABLE 


Five determinations of blood volume in the same animal. Dog 706 (8.7 kg) 


II 


Percentual dif- 


Jugular = En MHb. Total Body ference between 

D. rr haemato- & He st is Minutes ° 55 blood haema- body and jugu- 
ay crit SS" Zo volume tocrit lar haemato 
% 

V-8 8.3 26 480 3.0 3.9 3.6 247 T27 34 + 31 
V-9 9.2 28 510 2.8 3.3 3.1 253 760 33 + 18 
V-14 9.0 28 531 2.4 32 2.8 234 765 31 + 10 
V-15 9.2 31 530 = 3.0 3.6 3.5 265 795 33 + 6 
V-17 9.8 30 520 1.5 a7 23 279 799 35 + 17 


RESULTS AND DISCUSSION 


Table II presents results of red cell and plasma volumes done on the 
same animal within five days to ascertain the consistency of the results. 
The plasma volume dye method has an accuracy of + 5 % according to 
data found in the literature. The results in Table II show a discrepancy 


practically the same as found by other authors with this 


method. The red cell volume showed a variation of + 9 %, a result that 
is similar to determinations by other methods. Considering that the de- 
terminations were made on different days in which the plasma and red 
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TABLE III 


Relation 


Body Haemo- Plasma__—iRed cell Blood vo- 
Number weight globin —— vile volume lume/Body 
crit volume 
kg g ml ml od weight 
% % 
NORMAL DOGS 
693 6.3 12.4 44 292 191 483 T9 
678 8.2 13.4 42 301 321 622 7.6 
679 6.8 13.8 45 328 451 779 11.4 
689 7.0 11.0 38 471 338 _ 809 11.6 
698 8.3 11.3 37 333 156 489 5.9 
699 5.5 11.4 42 250 259 509 9.2 
695 9.1 11.2 41 471 330 801 8.8 
670 12.2 123 43 500 235 735 6.1 
671 6.7 11.0 41 330 187 517 79 
672 12.8 12.8 40 531 416 947 7.4 
694 8.1 13.2 45 357 153 510 8.3 
696 6.6 13.6 42 274 318 592 9.0 
699 7.3 11.4 45 387 309 696 9.5 
703 7.9 12.2 41 337 375 712 9.0 
ANEMIC DOGS 

675 8.3 10.8 35 416 285 701 8.4 
677 ys 6.8 24 396 235 631 8.2 
692 9.0 8.4 33 563 253 816 9.1 
683 9.3 9.8 34 434 172 606 6.5 
704 10.1 7.2 21 806 133 939 9.3 
674 9.5 6.8 27 581 165 746 7.9 
676 TT 6.2 26 409 151 560 7.3 
695 8.2 9.4 33 426 181 607 7.4 
697 8.3 10.6 36 446 145 591 7.8 
€98 8.7 10.8 35 416 285 701 8.1 
700 8.9 7.0 23 487 181 668 7.5 
701 11.0 10.8 36 617 280 897 8.2 
702 5.9 6.0 20 454 92 546 9.2 


of the method, the values found for the variations of the techniques 
should be regarded as satisfactory. The relationship between jugular 
cell volume of the dog could have varied, as well as the known inaccuracy 
and body haematocrits in the calculation of which the errors of both 
methods are added showed a percentage difference error of + 15 % 

Table III shows the results in 14 normal dogs (Haemoblobin 
11.0 g/100 ml or over and haematocrit 37 % or over) and 13 anaemic 
dogs (Haemoglobin below 11 g/100 ml and haematocrit below 37 %). The 
combined methods worked in a comparable way independent of the size 
of the dog: normal dog 693, of 6.3 kg, gave a total blood volume of 483 ml 
(radio blood volume/body weight — 7.4) ; dog 672, of 12.8 kg, gave 947 ml 
(ratio — 7.4) ; anaemic dog 701, 11.0 kg, gave 897 ml (ratio — 9.2) ; and 
anaemic dog 702, of 5.9 kg, gave 546 ml (ratio = 9.2). 

The usual test of the accuracy of a blood volume determination 
method is to compare its results with those found by other methods. For 
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TABLE IV 
— 
Methods and ave-|Jugular hae- Body hae- 
Author rages of ratio matocrit matocrit ss 
BV/BW difference me/body 
% weight 
| 57 61 —T7 10.0 
} 45 53 + 16 13.6 
| Carbon monoxide 44 43 —3 8.7 
41 34 —4 9.2 
and Evans blue 39 35 10.0 
some, 50 47 11.2 
and Normal dogs: 41 39 
‘ 2 59 60 +2 9.5 
Winkler, H. | 10.5 + 3.1 31 31 0 11.0 
30 27 — 10 10.8 
| Anemic dogs 38 37 —3 11.0 
| 38 28 0 9.5 
10.5 + 1.0 28 25 —10 10.4 
41 39 —b5 12.6 
| 41 39 —5 11.4 
| Radiactive iron and 39 34 — is 7.9 
| brillant vital red 51 48 ai 8.9 
Hahn, P., al 45 34 — 25 6.4 
Normal dogs: 50 40 — 20 6.5 
Balfour, W. 7T7+13 54 47 Se 7.6 
et. a dogs: 45 42 8.9 
21 19 —9 9.1 
| | 
Root, W., Carbon monoxide | 33 36 + 9 10.0 
and Evans blue | 35 35 0 9.8 
Roughton, F. 53 51 —4 9.9 
Normal dogs: 45 46 +2 11.4 
+ 2.9 | 
and 10.2 = 2. | 44 45 +2 11.1 
Anemic dogs: 50 48 —4 7.3 
Gregersen, M. 99+0.1 50 50 0 11.5 
Krieger, H. Radiactive phos- 39 39 0 9.2 
phorus and Evans 38 47 + 23 9.7 
Storaasli, J. | blue 32 53 + 65 12.4 
: 39 42 +8 9.9 
Friedell, H. | 33 38 +14 10.3 
| 44 45 +2 10.0 
32 36 +12 11.0 
Haldon, W. 49 42 a 9.1 
31 36 10.3 
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48 45 —6 9.6 
Krieger, H., Radiactive phos- 39 39 0 9.2 
phorus and radi- 38 48 + 26 9.5 
Storaasli, J. active iodine 32 57 + 78 11.4 
— 39 43 +10 9.5 
ll, H. : 
Friedell, 33 41 494 95 
and eh se 44 48 +9 9.5 
. Anemic dogs: 32 - 43 + 34 9.1 
Halden, W. 9.7+1.7 49 45 —8 8.6 
31 41 + 32 9.1 
| 45 44 —2 12.0 
40 38 —§ 8.6 
46 35 — 24 8.1 
| Carbon monoxide | 41 40 ae 10.0 
Smith, H., | ail 53 58 +9 9.7 
‘ | Haemoglobin 49 44 — 10 9.4 
and | 62 60 —3 9.2 
_—, 48 42 —12 10.0 
Whipple, G. 59 52 —12 9.3 
4+2. 59 54 —9 8.5 
50 45 —10 9.9 
46 45 —2 10.1 
58 50 —14 8.7 
| 44 40 —9g9 7.7 
42 52 + 24 7.6 
| 58 + 42 11.4 
| Methaemoglobin 38 42 +31 11.6 
and 37 32 —13 5.9 
Cruz, W. O. 42 51 + 21 9.2 
Evans blue 41 41 0 8.8 
| 32 — 25 6.1 
Oliveira, H. P. 41 36 —12 
| Normal dogs: 40 44 + 10 7.4 
8.5 + 3.1 45 30 — 33 8.3 
42 54 + 28 9.0 
45 44 —2 9.5 
41 52 + 27 9.0 
35 41 +17 8.4 
33 31 —6 9.1 
Methaemoglobin 34 28 — 18 6.5 
| 21 14 — 33 9.3 
Cruz, W. O. and 27 22 —19 7.9 
26 27 +4 7.3 
and Evans blue 24 37 +54 8.2 
33 30 7.4 
Oliveira, P. | Anemic dogs 36 25 7.1 
35 41 +17 8.1 
8.0 + 1.5 23 27 +17 7.5 
36 31 —14 8.2 
20 17 —15 9.2 
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that purpose the ratio total blood volume/body weight constitutes a 
good basis for a comparative analysis of the results. Table IV presents 
this ratio in normal and anaemic dogs according to several authors. Nor- 
mal dogs varied between 7.9 and 10.5 as averages in seven papers quoted. 
From these seven groups of dogs the maximum variation found between 
each group was + 3.1 and the minimum variation + 1.3. Considering 
all groups together the total variation of the relationship blood volume/ 
body weight was between 6.4 and 13.6. For anaemic dogs the higher 
was 11.0 + 1.4 and the lower 9.3 + 0.7, the total variation being in all 
dogs together between 8.6 and 12.4. Our results for the normal dog 
(8.5 + 3.1) are a little lower than the average of other authors, and in 
anaemic dogs (8.0+ 1.5) are definitely lower than those found in the 
literature. 

A problem of much concern to many workers in blood volume studies 
is the relative concentration of plasma and red blood cells throughout the 
circulatory system. Many authors have pointed out that the concentration 
of red cells should be less in the capillary bed than in the great vessels, 
to explain satisfactorily the results of their work (3:9). This “haemodilu- 
tion” in the peripheral bed has been definitely shown by direct micros- 
copic observation of the capillaries in vivo (1). On the other hand, nowa- 
days some authors defend the opposite thesis, arguing that this haemo- 
dilution occurs in a minimal fraction of the blood, and consequently is not 
important enough to cause appreciable difference in the haematocrit of 
a great vessel as compared with the haematocrit of the whole blood (8). 

It is odd that these authors do not compare their own data related 
to this problem. We have collected the results taken from the papers of 
several authors in table IV, in which the jugular haematocrit, the haema- 
tocrit of the whole body (body haematocrit) and the percentual differen- 
ces between them are found. The differences found in these papers are 
striking. Hopper et al. (4), and Root et al (8), found very little dif- 
ference in blood concentration: in 17 dogs of the first paper a variation 
of +-16 % and—10% is quoted and a discrepancy of 9 % in only one 
’ case out of seven in the second paper. This similarity of the jugular and 
body haematocrits is firmly denied by the others authors. Hahn et al. (3) 
and Smith et al. (°), with a single exception out of 22 dogs found haema- 
tocrit to be consistently lower than the jugular haematocrit (a maximum 
difference of — 25 % was observed). Using radioactive substances Krie- 
ger and collaborators (5) found, on the contrary, as a general rule, a 
higher body haematocrit than the jugular haematocrit (even as high 
as-+78%) in ten dogs examined. The present paper shows differences 
in both directions: variations from —33 % to + 42 % have been observed 
in normal dogs, while in anaemic dogs figures between — 33 % to + 54 % 
have been found. 

It is not easy to explain satisfactorily the discrepancy of the results 
of blood volume determinations found in the literature. Great variation 
with the same method and the same authors seems nevertheless to indicate 
that the concentration of blood could vary in the same animal under dif- 
ferent physiological conditions. Possibly the amount of exercise previous 
to the blood volume determination, or the length of time the animal is 
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kept in an artificial position, or some other cause not yet considered, 
could interfere with the distribution of the red cells and plasma in the 
circulatory system. The question of whether these conditions have or 
have not a relationship with the distribution of red cells in the large and 
small vessels, seems to us worthy of study. 


SUMMARY 


A method is described for the determination of the total red cell 
volume in dogs, by injection of red cells in which a previous transforma- 
tion of its haemoglobin into methaemoglobin has been chemically perfor- 
med. Taking into consideration the physiological methaemoglobinaemia 
and the reduction of the injected methaemoglobin within the body, the 
degree of dilution of the injected red cells in the blood stream is propor- 
tional to the total red cell volume. 

The error of the method is around + 9 %. Combined with the dye 
method (Evans blue, T - 1824) it gives for the ratio total blood volume/ 
body weight, 8.5 + 3.1 in fourteen normal dogs, while thirteen anaemic 
dogs give 8.0+ 1.5 for this same ratio. These results agree with the 
variation found in the literature. 

The problem of the relationship between the jugular haematocrit 
and the haematocrit of the whole body has been taken into consideration, 
values have been calculated from several papers and the results compared 


and analysed. 
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QUANTITATIVE VARIATIONS OF THE NEUTRAL 
17-KETOSTEROIDS IN ALLOXAN-DIABETIC RABBITS 


O. KOREF. AND O. ERRAZURIZ 
(Laboratorio de Fisiopatologia. Universidad Catélica de Chile. Santiago, Chile) 


ARBOHYDRATE metabolism is controlled in the normal body to a con- 
siderable degree by the adrenal glands, both adrenaline and gluco- 
corticoids being active in this control. The rdéle played by the adrenal 
glands both in experimental and clinical diabetes also has been studied. 
It has been shown that diabetes diminishes after adrenalectomy (Long, 
1926) and that a diabetic patient with Addison’s disease requires much 
less insulin than usually (Bloomfield, 1939). Tumors or hyperplasia of 
the adrenals may cause hyperglycemia and diabetes resistant to insulin. 
On the other hand it is known that the neutral 17-ketosteroids (17-KS) 
are the metabolic end products of the adrenal steroid hormones (corti- 
coids), of those of the testis and probably also of the corpus luteum. The 
greater part of the corticoids are eliminated by the urine in form of inac- 
tive substances (Selye, 1949). Thus a sudden increase or an excessive 
decrease of corticoids in the body significantly modify elimination of 
17-KS; their dosage in the urine procures a knowledge of the functional 
condition of the adrenals. The purpose of the present work was to study 
adrenal function in alloxan diabetes as evidenced by quantitative varia- 
tions of urinary 17-KS in this experimental condition. 


METHODS 


Salmon’s technique for the determinaticn of 17-KS was used (see details in Za- 
nartu et al., 1950). Titrations were performed in a Coleman spectrophotometer 
reading only at a wave length of 530 my, without corrections. A correction formula 
has been given by varicus workers (Hamburger, 1948; Talbot et al., 1942) but 
according to others (Egstrom and Mason, 1948) correction is not essential when 
purification with Girard’s reagent is performed and most chromogens are thus 
eliminated. Under these conditions readings at both wave lenghts as 470 and 530 my, 
are not essential either. As the urine of rabbits contains a large quantity of chro- 
mogens purification with Girard’s reagent is fundamental. 

Fourteen rabbits (6 males and 8 females, 1.7 to 3.0 kg) maintained on a mixed 
and complete diet were employed. : 

Normal values of urinary 17-KS were obtained by making repeated determina- 
tions in the same animal during more than one month. Diabetes was produced by 
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means of the usual technique of alloxan (Eastman-Kodak) administration; in one 
case alloxantine of our own preparation was used. Urine was collected in metabclic 
cages. After administration of alloxan, determinations were made in the urine co- 
llected during the first 24 hours. Afterwards determinations were performed every 
48 hours; but all values are given in mg per 24 hours. Glyccsuria was determined 
by the test of Fehling; blood sugar was determined by a modification of Shaffer- 
Hartmann’s technique. Four animals were treated with protamine-zine insulin 
(Squibb): one with 50 U and the remaining with 20 U daily, until death. 
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Fic. 1.— Six males: Ordinates: thick lines: 17-ketostercids, mg/24 hours; disconti- 

nuous line: no determination during the first 24 hours in animal 2/23 (anuria) ; 
thin lines: weight in kg. Abscissae: time in days. Other signs: positive Fehling: 
negative Fehling; arrow: alloxan injection. Figures above the 17-ketosteroids 
curve indicate glycemia in g per l. 
Details referring to the six males: 3/11: Alloxantine, 150 mg per kg. Died the 
5th day after injection. 2/23; Alloxan, first injection 200 mg per kg; second 
injection 200 mg per kg on the 28th day; third injection 300 mg per kg 3 days 
later. Diabetes appeared only after the third injection but the animal died the 
day afterwards. 2/86: Alloxan, 200 mg per kg. Died 4 days after the injection. 
2/78: Alloxan, 200 mg per kg. Died 3 days after alloxan. 2/85; Alloxan, first 
injection 200 mg per kg; second injection 200 mg per kg on the 5th day. The 
observation ran up to the 34th day after the first injection of alloxan. 2/64: Allo- 
xan, 200 mg per kg. Died 5 days afterwards. 
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RESULTS 


The amount of 17-KS in normal males varied from 1.4 to 0.55 mg in 
24 hours, with an average of 0.931 mg + 0.108 (table I). In normal 
females the values ranged from 0.7 to 0.45 mg in 24 hours, with an 
average of 0.526 + 0.026 mg. In serial determinations performed on the 
same animal during 40 days the amount of 17-KS eliminated by male or 
female in 24 hours was quite constant. Elimination of 17-KS was mar- 


Fic, 2.— Eight females. General specifications as in fig. 1. 


Details referring to the eight females: 3/1: Alloxan, 100 mg per kg. Delivery 
5 days after injection; litter died shortly after birth. After the 3rd day prota- 
mine-zine insulin was injected, 20 U daily up to the death on the 8th day. 
2/73: Alloxan, first injection 200 mg per kg; second and third injections of 
200 mg per kg 14 and 20 days later. Died 4 days after the third injection. 
3/48: Alloxan, first injection 150 mg per kg; second injection 200 mg per kg on 
the 22nd day. Died 2 days after the second injection. Transitory diabetes after 
the first injection. 2/77: Alloxan 200 mg per kg; 20 U of protamine-zinc insulin 
(PZI) were injected on the 4th day. Died 6 days after the alloxan injection. 
2/94: Alloxan, first injection 100 mg per kg; second injection 200 mg per kg on 
the 28th day. Died 6 days after the second injection. Transitory diabetes after 
the first injection. 2/95: Alloxan 200 mg per kg. After 3rd day, PZI was injec- 
ted 20 U daily. Died 14 days after the injection of alloxan. 2/96: Alloxan, 
200 mg per kg; 50 U of PZI injected on the 5th day. Died 7 days after injection 
of Alloxan, 2/79: Alloxan, 100 mg per kg. Delivery 9 days later; all 5 young 
died next day. Diabetes lasted 2 months; when normal condition was reestablished 
excretion of 17-KS increased. 
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TABLE I 


Urinary 17-hetosteroids in normal rabbits, during 40 days. All figures in mg 
per 24 hours. 


Days 
Males Prot. 
| 0-10 11-20 21-30 31-40 
1 | 2/23 | 14 1.3 1.4 
2 | 2/78 a 1.0 
3 2/85 1.0 0.950 1.0 
4 | 2/64 | 0.950 0.850 0.750 
5 | 2/86 | 0.700 0.700 0.750 
6 3/11 0.650 
| 0.700 | 
0.550 | 
| 
Average: 0.931 + 0.108 
| Days 
Females Prot. 
| 0-10 11:20 | 21-30 | 31-40 
| 
7 2/96 0.650 0.700 0.650 
8 2/73 0.650 0.700 0.600 
9 3/1 0.650 0.650 | 
10 | 3/48 0.650 0.450 | 0.650 
11 | 2/77 0.650 0.650 | 
12 2/79 | 0.650 0.550 0.550 
13 | 2/94 ' 0.500 0.575 0.525 | 0.460 
14 2/95 0.460 0.475 | 0.450 
Average: 0.576 + 0.026 


kedly altered in animals treated with quantities of alloxan sufficient to 
induce diabetes. The first effect is a considerable increase in the excre- 
tion of 17-KS, 24 to 48 hours after injection; the degree of the increase 
bears no relation to the amount of alloxan administered (figs. 1 and 2). 

Usually after the aloxan-induced increase of urinary 17-KS a sharp 
drop followed. The latter was maintained while diabetes was present. All 
animals that died of diabetes, showed at this moment a very low level 
of 17-KS. On the contrary, in those rabbits that presented only a mild 
and transitory diabetes urinary 17-KS returned to normal values as soon 
as blood sugar diminished (2/79) or glycosuria disappeared (2/94 and 
3/48). Sometimes the return to normal values was not complete as in 
rabbit (2/85) which presented a long though mild diabetes and showed 


‘ 
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— after the initial increase— very low values of 17-KS; the latter persisted 
even after glycemia decreased from 4.5 to 1.2 g per 1. 

A decrease of urinary 17-KS took place even in those animals that 
were not rendered diabetic by alloxan (2/73 2/23) ; but in these cases the 
decrease was only of short duration and normal values reappeared soon. 
Also, after reinjection of alloxan, urinary 17-KS decreased following the 
usual initial increase. 

The only animal that was injected with alloxantine (3/11) presented 
diabetes the day after injection. The initial increase of urinary 17-KS 
was, as with alloxan, followed by a decrease. The animal died with 17-KS 
values a little above normal. 

Diabetes was more severe in males than in females. 


Some details referring to individual animals will be especially menticned. Animals 
2/23 and 2/73 were not rendered diabetic by the first injection of alloxan; glycosu- 
ria appeared only after the third injection. At this moment there was a marked 
initial increase of 17-KS elimination in 2/73. On the contrary, in animal 2/23 which 
had received a larger dose of alloxan (300 mg per kg) and died the next day, no 
initial increase was produced and values of 17-KS were very low. The initial increase 
was lacking also in animal 2/78 which died the day following the injection of alloxan; 
glycosuria and hyperglycemia were very pronounced and urinary 17-KS very low. 
We shall return to these interesting divergencies when discussing our results. 

Rabbits 2/94 and 2/97 showed, during the course of the disease, a spontaneous 
second though transient increase of urinary 17-KS, probably due to adrenal dischar- 
ges related to the reestablishment of a normal steroid balance. 

Two of the four diabetic animals treated with insulin (3/1 and 2/77) did not 
respond favorably and continued losing weight; they died with very low values of 
17-KS. The remaining two (2/95 and 2/96) also died, though insulin had caused a 
considerable decrease of blood sugar. In both cases a slight increase of urinary 
17-KS was cbserved prior to death. 

Rabbits 3/1 and 2/79 gave birth to litters during the course of the observation. 


DISCUSSION 


The greater deviation of the mean of urinary 17-KS in our normal 
males compared to normal females may be explained by the influence of 
the testicle which may vary from one individual to another. Kimmeldorf 
(1948) found in normal male rabbits 1.12 mg + 0.24 in 24 hours, whereas 
Koenig (1948) obtained 0.73 mg + 0.04 in normal females. Results re- 
ported by Davis et al. (1949) are not coincident with the former ones; 
they found 2 mg of urinary 17-KS in 24 hours in males and even higher 
values in females. These divergencies are probably due to the different 
techniques employed. 

As already insisted upon, there is in alloxan diabetic rabbits a con- 
siderable increase of urinary 17-KS in the first 24 or 48 hours after 
injection of the diabetogenic drug. After this initial increase the values 
drop under the normal level and remain low during all the time that dia- 
betes persists, to rise slowly towards normal as soon as glycemia becomes 
normal and glycosuria disappears. This biphasic curve of 17-KS excre- 
tion after alloxan can be compared to what takes place in the alarm 
reaction as described by Selye (1950) and as corroborated by clinical 
observations. Selye has stated that alloxan intoxication causes an alarm 
reaction which becomes apparent by changes in the blood sugar (Ja- 
cobs, 1937). This effect —hyperglycemia of short duration followed by a 
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more prolonged hypoglycemia— is independent of the pancreas and is 
accompanied by other symptoms of the alarm reaction. According to 
Forbes et al. (1947) urinary 17-KS in man are considerably increased 
after the first or second day of exposure to stress. Afterwards, these 
values are greatly diminished reaching levels well below normal, In accord 
with the concept of Selye the initial increase of urinary 17-KS as found 
in our rabbits in which diabetes is induced by alloxan, may be interpreted 
as the phase of counter-shock of the general adaptation syndrome. The 
fall of urinary 17-KS may be due to the animal having reached the stage 
of resistance. 

The work of Martinez and Orias (1945) is of considerable interest 
in our context. They found that toxic phenomena as induced by alloxan 
are more pronounced in previously adrenalectomized rats than in normal 
ones; adrenalectomized animals died within the first two or five hours 
with marked hypoglycemia. The results of Martinez and Orias might 
suggest that adrenalectomized animals are not able to respond with the 
counter-shock and therefore die during the stage of shock, which expresses 
itself by a very low glycemia. As shown by Martinez and Orias the shock 
may be prevented by the administration of adreno-cortical extracts. 

On the other hand, the adrenals in alloxan-diabetic rats are larger 
than normally; histochemically a marked loss of substances soluble in 
acetone has been stated which was especially pronounced in the zona 
fasciculata and reticularis; these changes might be related to cortical sti- 
mulation, most probably by insulin, adrenaline or corticotropic hormone 
liberated by alloxan (Erank6, 1951). 

Again, in the work of de Majo (1947) with aloxan-diabetic rats there 
was in the beginning, seemingly, a strong stimulation of adrenal activity 
as evidenced by a decrease of adrenaline, cholesterol and ascorbic acid in 
the adrenals. Yet, no decrease of these substances took place when the 
animal was not rendered diabetic, i.e. when stimulation of the adrenals 
was supposedly absent. Something similar might have occurred in those 
of our animals that could not be rendered diabetic and did not respond 
with the initial increase of urinary 17-KS. 


From the above consideration it seems reasonable to assume that in 
the experimentes reported here and in those of Majo the stimuli of the 
adrenals is not the alloxan alone, but alloxan and the diabetes induced 
by this drug. 

In our opinion the whole evolution course of excretion of 17 - KS in 
rabbits with alloxan diabetes —diminished in those animals that were 
rendered diabetic, again normalized after transitory diabetes, or impro- 
ved when insulin was effective— exteriorizes the changeable functional 
condition of the adrenals during the development of those general meta- 
bolic alterations which are produced in experimental diabetes. Clinical 
observations are in favor of our concept; in children with diabetes there 
is, at the beginning, a high level of urinary 17-KS which in the course 
of years notably decreases (White, 1948). 

It might be of interest to discuss our concept in the light of some 
other experimental and clinical findings. When rats were adrenalecto- 
mized during the evolution of an alloxan diabetes at 10 days after injec- 
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tion diabetes considerably improved (Janes and Friedgood, 1945). We 
have already mentioned that the same has been seen in diabetic patients 
with Addison’s disease (Bloomfield, 1939). All these findings can be 
explained on the tentative assumption that diabetic symptoms depend 
partly on stimulation by gluco-corticoids. But on the other hand certain 
of our findings suggest that the functional condition of the adrenals is 
in alloxan diabetes more complex. We have seen that while the diabetic 
metabolic dysfunction is present, elimination of 17-KS is very low; this 
effect tends to disappear when diabetes is of short duration only; also 
excretion of 17-KS rises somewhat again when glycemia becomes nor- 
malized by insulin. All this would indicate that the adrenals are in hypo- 
function during alloxan diabetes. However it seems important to keep in 
mind that this hypofunction is most probably only a partial one, that is 
to say, that it refers only to certain corticoids and not to others. Thus, 
for instance there is in some endocrine disorders a dissociation of the 
various adrenal functions related to the production or liberation of corti- 
coids; in Cushing’s disease elimination of gluco-corticoids may be conside- 
rably increased while urinary 17-KS remains normal (Venning and 
Browne, 1947). These observations, both experimental and clinical sug- 
gest that low urinary values of 17- KS are not always an indication of a 
total hypofunction of the adrenals. One might speculate that in experi- 
mental diabetes and in diabetes in man there is an increased production 
or liberation of gluco-corticoids whereas that of testoids, or other corti- 
coids, is decreased. 


SUMMARY 


Excretion of 17- KS by the urine was in 6 normal male rabbits of 
0.931 + 0.108 mg in 24 hours. Excretion in 8 normal female rabbits was 
of 0.596 + 0.026 mg in 24 hours. 

Thirteen animals were injected with alloxan and one animal was 
given alloxantine. Those animals that were rendered diabetic presented 
a sharp rise in urinary 17 - KS during the first 24 to 48 hours after injec- 
tion. This increase was followed by a sudden decrease which was main- 
tained while the metabolic diabetic alteration was present. 

During the course of a mild transitory diabetes the values of urinarv 
17- KS tended to become normal as soon as the metabolic diabetic dis- 
turbance was over. Insulin, when improving diabetic symptoms, also 
caused an increase of urinary 17 - KS. 

The evolutional course in the excretion of 17- KS in rabbits under 
the influence of alloxan, is discussed from the point of view of Selye’s 
concept of the alarm reaction and the general adaptation syndrome. 

The various alterations in the elimination of 17 - KS indicate the im- 
portant réle played by adreno-cortical function in the initiation and deve- 
lopment of alloxan diabetes. 
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INFLUENCE OF VAGAL AND SYMPATHETIC 
DENERVATION ON THE EFFECTOR SYSTEMS 
OF THE MAMMALIAN HEART 


F,. HOFFMANN, S. MIDDLETON, J. TALESNIK AND L. WILLIAMSON 


(Instituto de Fisiologia, Facultad de Biologia y Ciencias Médicas. 
Universidad de Chile) 


INTRODUCTION 


N A previous work (8) from this laboratory it has been shown that 

the intracoronary injection of acetylcholine in the atropinized, iso- 
lated mammalian heart has a stimulating effect which resembles very 
closely the action of epinephrine, since it increases both the amplitude 
and frequency of atrial and ventricular contractions. The cardiostimula- 
ting effect of acetylcholine is concurrent with the release of an epinephri- 
ne-like substance, as shown by the fact that the cardiac perfusates 
collected during the periods of stimulation, exert an epinephrine-like 
action when estimated on various biological preparations (frog’s hypody- 
namic heart, rectal cecum of the fowl, small intestine of the rabbit). It 
has been further demonstrated that the cardiostimulating effect of ace- 
tylcholine is abolished by nicotine and by sympatholitic agents like ergo- 
tamine. On the basis of these facts, the hypothesis has been advanced 
that in the heart itself and its proximity there are structures which under 
the action of acetylcholine release a substance pharmacologically similar 
to epinephrine. It seemed also reasonable to assume that these intra and 
juxtacardiac adrenergic structures are ganglion cells since, as already 
mentioned, the stimulating action of acetylcholine is suppressed by 
nicotine. 

Mc Dowall (1) is inclined to admit that the cardiostimulating action 
of acetylcholine is a direct one, in view of his finding that it is not suppres- 
sed by nicotine; a tentative explanation for these results could be that 
in his experiments nicotinization was perhaps insufficient. A blocking 
action of ganglionic depressants on the cardiostimulating effect of acetyl- 
choline has been confirmed by McNamara et al. (1*), who have further 
shown that calcium ions reverse this block. 
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One of us (1+) has later shown that stimulation of the cervical vagus 
in the atropinized isolated heart, induces cardiostimulation, very similar 
to that obtained with acetylcholine, this effect being, also, concomitant 
with the liberation of an epinephrine-like substance. These results were 
interpreted as indicating the possibility of intra and juxtacardiac adre- 
nergic ganglion cells being under the control of vagal preganglionics. In 
other words, it would be an instance of parasympathetic postganglionic 
neurones acting on the heart effectors (cardiac muscle and cardiovector 
system) by the mediation of a transmitter substance characteristic of 
sympathetic postganglionics. This hypothesis would involve an exception 
to the general pattern of functional integration of the parasympathetic 
system; but it may be recalled, that another “anomaly” has since long 
been described in connection with the sympathetic system: the cholinergic 
innervation of the sweat glands. 

The possibility that the cardiostimulation obtained by excitation of 
the cervical vagus might be due to the presence of aberrant sympathetic 
fibres, was ruled out by experiments in which the cervical sympathetic 
chains were excised bilaterally some 15 days before. In all these prepa- 
rations the cardiostimulating effects of the vagus were shown to persist 
unchanged (14). 

According to the “Law of Denervation” (°), if there were in the 
mammalian heart adrenergic neurones connected to vagal preganglionics, 
degeneration of t’1e latter would lead to sensitization of the adrenergic 
neurones to acetylcholine; furthermore, a sensitization of both the heart 
muscle and pace-maker to epinephrine could also be expected. Degenera- 
tion of the sympathetic postganglionics, on the other hand, would sensi- 
tize the heart, not only to epinephrine, but also to the stimulating action 
of acetylcholine, 

In the present paper, experiments are reported concerning the res- 
ponse of the cardiac effectors to neurotransmitter substances, after dege- 
neration of the vagal or sympathetic cardiac fibres. 


METHODS 


Cats of 2—3 kg body weight, anesthetized with Dial (0.07—0.08 k/kg; intra- 
peritoneally) were used. 

The experiments were carried out on the isolated vagus-heart preparation. The 
heart was perfused with Tyrode’s solution as described elsewhere (8); both vagi were 
dissected in their intrathoracic ecurse and cut cephalad to the heart; the nerves were 
placed on shielded, bipolar, silver wire electrcdes and siimulated with sinusoidal 
50 cycles per second AC, the voltage being regulated by means of potentiometers. 

Ventricular contractions were recorded on smoked paper, with an isotonic lever 
attached to the apex of the heart. 

Acetylcholine (clorhydrate), epinephrine (clorhydrate) and nicotine (bitartrate) 
were injected into the aortic cannula close to the heart, always in the same volume 
(0.1 em*) and with the same speed. In order to suppress the cardiodepressor effects 
of acetylcholine, the preparations were “atropinized” by adding Bellafoline “Sandoz” *, 
in concentrations from 0.025 to 0.1 mg per liter of Tyrode solution. 

Degeneration of the cardiac sympathetic fibres was obtained by removing on 


* We are grateful to “Oficina Cientifica Sandoz”, Chile, for the generous supply 
of Bellafcline. 
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both sides the stellate ganglia, and the thoracic lateral chains, following the technique 
described by Cannon (4). 

The cardiac vagus fibres were allowed to degenerate by vagotcmy performea 
according to the technique recommended by Hodes (7); the right vagus was severed 
within the thorax, immediately below the emergence of the recurrent nerve; section 
of the left vagus was made in the lower part of its cervical course. By this procedure, 
the risk of damaging the sympathetic innervation of the heart is minimized. 

These preparations will be referred to as “sympathectomized” and “vagotomi- 
zed” hearts respectively. 

The experiments on the isolated vagus-heart preparations were performed bet- 
ween 12 and 16 days after denervation, in order to allow a complete degeneration 
of the respective nerve fibres. 


RESULTS 
I) Effects of acetylcholine. 


A) Normally innervated hearts. 


In experiments performed on 20 non-denervated hearts, it was shown, 
as previously described (*%), that acetylcholine injected in doses of 25-50 pg 
induced a biphasic effect, characterized by an initial period of decreased 
ventricular activity, followed by a period of stimulation during which the 
rate and amplitude of the contractions were markedly increased. 

Smaller doses of acetylcholine induced only slowing of the heart 
contractions, the threshold doses for this effect being 0.46 + 0.03 ug. 
Even smaller doses (0.1 and 0.3 ug) had no chronotropic effect, but in- 
duced a slight increase in amplitude of the ventricular contractions. 

After suppressing the cardiodepressor effect by atropinization 
(Bellafoline), the response of the heart to acetlycholine was characteri- 
zed by an increase of the amplitude and frequency of the contractions 
(nicctinic action of acetylcholine*). The minimal doses of acetylcho- 
line necessary to increase in 5-10 % the amplitude of ventricular con- 
tractions were of 20.5 + 2.52 ug. When the concentration of acetylcho- 
line was augmented, the positive inotropic effects were progressively 
increased; maximal effects were obtained, generally, with 100 ug, the 
amplitude increasing an average of 130%. 

The threshold doses of acetylcholine capable of eliciting an accele- 
rating effect (increase in frequency of 5-10%) were remarkably va- 
riable, ranging in the different preparations from 5-100 ug. With over- 
threshold doses the effect on the pace-maker was proportionally increa- 
sed, maximal rate increments ranging from 30-65 %. 

B) “Vagotomized” hearts, 

In 12 experiments, it was observed that both the depressor and sti- 
mulating effects of acetylcholine persisted. In these hearts, slowing of 
the ventricular rate was obtained with threshold doses of acetylcholine 
ranging from 0.1 to 0.05 ug, which were markedly lower than those 
found in normally innervated and “sympathectomized” hearts. 

After atropinization, the increase in amplitude of the ventricular 
contractions was produced with minimal doses of acetylcholine of 
19.5 + 1.0 ug, which were significantly lower than the threshold doses 
found in normally innervated hearts. Maximal stimulating effects were 
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obtained with doses as low as 50 ug, producing an average increase of 
140 % in the amplitude of the contractions. 

The threshold doses of acetylcholine capable of accelerating ventri- 
cular contractions and the maximal chronotropic responses, were of the 
same order of magnitude as in normally innervated hearts. 


C) “Sympathectomized” hearts, 


In 11 experiments, it was found that both the depressor and sti- 
mulating effects of acetylcholine were present. The threshold doses of 
acetylcholine inducing slowing of ventricular contractions, were similar 
to those found in normally innervated preparations, 

In the atropinized preparations, positive inotropic effects were elici- 
ted with mean threshold doses of 12.2 + 1.55 ug of acetylcholine. Maxi- 
mal effects were obtained with average doses of 100 ug, which induced 
only a slight increase (average 60 %) in the amplitude of the ventricular 
contractions, which was markedly smaller than that observed in the 
normally innervated and “vagotomized” hearts. 

These preparations differ very markedly from the normally inner- 
vated and “vagotomized” hearts, with regard to the reaction of the pace- 
maker to the stimulating action of acetylcholine. Only in one, —out of 
the 11 hearts of this group—, a slight increase in rate was observed. In 
the remaining 10 preparations no increase in cardiac frequency was 
noticed, even with doses of acety!choline as large as 100 ug. 


II) Effects of epinephrine on normally innervated, “vagotomized” and 
“sympathectomized” hearts. 


It was observed that epinephrine exerts a positive chrono and ino- 
tropic action on the hearts with intact innervation as well as in the 
denervated ones. The average threshold doses of epinephrine which 
increased the amplitude of ventricular contractions in the normally inner- 
vated hearts were found to be 0.025 + 0.005 ug, in the “vagotomized” 
hearts 0.012 + 0.004 ug, and in the “sympathectomized” hearts, 
0.016 + 0.006 ug. The threshold differences of the 3 groups are not 
statistically significant. The positive inotropic action of epinephrine on 
the ventricles was similar in the normally innervated and “vagotomized” 
preparations; in both groups, progressively increasing doses of epine- 
phrine induced proportionally increasing responses; with average maxi- 
mal doses of 0.5 ug the average increment in amplitude was 110 %. 

In “sympathectomized” hearts, the positive inotropic effect of 
epinephrine was surprisingly small and there was no proportionality be- 
tween the doses given and the magnitude of the ventricular reaction. 
Such preparations always showed the same slight response (an average 
20 % increase in amplitude) irrespective of the doses of epinephrine 
given (from 0.05 to 0.5 ug). The duration of the cardiostimulating effect 
is, however, proportional to the concentrations of epinephrine injected. 

The average minimal doses of epinephrine, which produced cardiac 
acceleration, were similar in the 3 groups of hearts. Overthreshold doses 
induced the same degree of acceleration in normally innervated and “va- 
gotomized” hearts, while the increase in cardiac rate of “sympathecto- 
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mized” hearts, was more marked. Thus, in the first two groups, 0.05 and 
0.5 ug of epinephrine augmented the frequency in an average of 25 and 
50 %, while in the “sympathectomized” hearts the same doses increased 
the rate in 40 and 80 %, respectively. 


Ill) Effects of vagus stimulation in normally innervated and ‘‘sympathec- 
tomized” hearts. 


In 18 experiments carried out on atropinized hearts with degene- 
rated sympathetic innervation, stimulation of the vagi was followed by an 
increased amplitude and frequency of the ventricular contractions. 


1V) Effect of nicotine on normally innervated, ‘“vagotomized” and “sympa- 
thectomized”’ hearts. 


Nicotine in doses of 5 and 20 ug regularly induced in the atropinized 
hearts (7 normally innervated, 6 vagotomized and 5 sympathectomized) 
the well known stimulating effect, i.e., increased amplitude and frequency 
of ventricular contractions. In normally innervated and “vagotomized” 
hearts the magnitude of the responses to this drug was similar; in 
“sympathectomized” preparations, however, it exerts a rather slight effect 
on the amplitude of the contractions, a phenomenon which has been 
already mentioned as characteristic of the responses of the “sympathec- 
tomized”’ hearts to epinephrine and acetylcholine. 


DISCUSSION 


The present work was primarily planned to see if the juxta and intra- 
cardiac adrenergic ganglia are modified in their sensitivity to acetylcho- 
line as a consequence of decentralization. The results (see table I) show 
that significant sensitization of these ganglionic structures is induced by 
degeneration of both vagal and sympathetic cardiac nerves; thus, the 
threshold doses of acetylcholine necessary to increase the amplitude of 
the ventricular contractions are significantly lower in the denervated 
. hearts. 

In the hearts with degenerated vagal innervation, the results are 
according to expectation in view of the fact that, as shown by one of 
us (14), the adrenergic intracardiac ganglia are apparently under vagal 
control. 

The fact that sympathetic denervation leads also to sensitization 
of the adrenergic ganglia, can be interpreted as indicating that these 
structures are controlled by impulses proceeding from sympathetic pre- 
ganglionic fibres as well. It is generally admitted that the synaptic relay 
between the first and second sympathetic neurones occurs in the stellate 
and intrathoracic ganglia, the sympathetic fibres which innervate the 
heart being therefore all of the postganglionic type. However, the com- 
plexity of the cardiac plexus, in which vagal and sympathetic fibres are 
mingled, makes it impossible to differenciate histologically between the 
two groups of axons. In addition, the existence of different kinds of 
ganglion cells in the myocardium, epicardium and adjacent connective 
tissue has made it most difficult to get a clear picture of the connections 
of these ganglia with the extrinsic heart nerves. A. Kuntz (11!) writes: 


& 
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“in view of the intimate relationship of the cardiac gang:ia to the 
mixed fibre bundles in the cardiac plexus it has seemed to some inves- 
tigators that both sympathetic and vagus fibres make synaptic connec- 
tions in the cardiac ganglia... ”, and he adds that “...this view has not 
been confirmed by results of physiological experiments”. 


TABLE I 


Sensitivity and maximal response to acetylcholine and epinephrine in “vagotomized” 
and “sympathectomized” hearts, as compared with normally innervated hearts. 


Acetylcholine | Epinephrine 
| | ‘ Chrono- 
Inotropic | Inotropic 
action tropic action tropes 
| action | action 
| 


Vagotomized Increased ‘Unchanged | Unchanged 


Sensitivity 
Sympathect. Increased No response) Unchanged Unchanged 

Maximal | Vagotomized Unchanged Unchanged Unchanged | Unchanged 

response Sympathect. Decreased No response Decreased Increased 


There are certain embryological considerations which support the 
hypothesis of the existence of intra and juxtacardiac ganglia connected 
to preganglionic sympathetic fibres. Thus, according to Arey (*) 
“...in addition to the primary ganglia of the paired sympathetic 
trunk... there are other more peripheral ones... belonging to the pre- 
vertebral plexus... still further distal are the terminal ganglia located 
near or even within the structures they innervate; this group includes 
the ciliary and cardiac ganglia...” According to Nonidez (15), it is 
rather easy to observe in the embryonic heart that, during the migration 
of the sympathetic neuroblastas, some of these do not stop in the gang.ia 
but migrate more peripherally to form the intra and juxtacardiac ganglia. 

Thus, from a morphological point of view, there is some evidence 
which favours the existence of interneuronal sympathetic synapsis in the 
heart itself or in the surrounding tissues. 


Since in “vagotomized” hearts there appears to exist a sensitization 
of adrenergic ganglionic structures to acetylcholine, it seemed reasonable 
to expect in these hearts a more marked positive chronotropic action of 
this substance as well. The analysis of our records, however, has shown 
that there is no difference between “vagotomized” and normally inner- 
vated hearts concerning the responsiveness of the pace-maker to acetyl- 
choline. In the “sympathectomized” preparations a rather puzzling phe- 
nomenon is observed: in these hearts acetylcholine does not modify the 
frequency of the contractions, even when given in high concentrations. 
This fact is difficult to harmonize with the hypothesis that acetylcholine 
acts through an adrenergic mechanism. It cannot be explained on the 


| 
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basis of a diminished responsiveness of the pace-maker, since in these 
preparations the chronotropic action of epinephrine is increased. 

The magnitude of the positive inotropic effect of acety!choline is 
similar (see table) in normally innervated and “vagotomized” hearts 
(the maximal average increase in amplitude being of the same order in 
both groups). But in the sympathectomized preparations the ventricular 
response is significantly decreased, a fact indicating (see later) that the 
responsiveness of the myocardium to the mediator released by the adre- 
nergic cardiac ganglia is reduced. In the sympathetically decentralized 
heart, therefore, the responsiveness to acetylcholine of both the pace- 
maker anh the myocardium is markedly diminished. 

With respect to the action of epinephrine on the frequency and am- 
plitude of the ventricular contractions, it is observed (see table) that 
the minimal effective amounts of this substance are of the same order of 
magnitude in the normally innervated and denervated hearts. Overthres- 
hold doses induce proportionally increasing inotropic and chronotropic 
responses of the ventricles in the normally innervated and “vagotomi- 
zed” preparations; but in the “sympathectomized” hearts the increase 
in amplitude of the ventricular contractions is much smaller and no aug- 
mentation of the effect is observed when high concentrations of this 
substance are injected, thus having the same characteristics already des- 
cribed in connection with the action of acetylcholine. Apparently, there- 
fore, the sympathetic decentralization of the heart induces biochemical! 
changes of the myocardium which reduce its capacity to increase the 
strength of the contractions under the action of epinephrine-like substan- 
ces. Unfortunately, no experiments were performed in order to decide 
if these changes are specific for epinephrine or extend to other cardio- 
stimulating agents. The reduced capacity of the ventricular muscle of 
sympathectomized hearts, to increase the amplitude of contractions under 
the action of epinephrine, is a constant phenomenon which —as far as 
we know— has not been described. 

Our results are concordant with the observations of Burret (*), since 
the “responsiveness” of the pace-maker to epinephrine (see table) appears 
augmented in “sympathectomized” hearts, compared with the normally 
innervated ones. It is interesting to point out, however, that, as already 
mentioned, the “susceptibility” of the pace-maker is not modified by 
sympathectomy, as shown by the fact that the threshold doses of epine- 
phrine with accelerating effect are similar in both groups of preparations. 

As it might be expected according to the “Law of Denervation’’, in 
the “vagotomized” preparations the pace-maker appears sensitized to 
the depressing action of acetylcholine. Unpublished results from this 
laboratory, have shown that the amplitude of contraction of ventricles 
beating with an idioventricular rhythm is not depressed by acetylcholine. 
In view of this fact we refer only to the depressing action of acetylcho- 
line on the rate of contractions. 

The results mentioned in the Introduction, concerning preparations 
in which the cervical sympathetic had been allowed to degenerate, toge- 
ther with the present observations, that after degeneration of the cardiac 
sympathetic supply the stimulating action of the vagus persists, indicate 
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that the cardiostimulating fibres of the vagus are of medullary origin 
and not —as had been supposed— “aberrant fibres” of the sympathetic 
system enclosed in the vagus trunk. 

The existence in the cardiac vagal system of second neurones of 
adrenergic nature would not represent a unique and extravagant phe- 
nomenon, since Ambache (1) has recently shown that in the isolated 
stomach and intestine the contractions induced by nicotine are reversed 
after atropinization. According to this author, the relaxation is produced 
through an adrenergic ganglionic mechanism control'ed by the vagus, since 
it is abolished by hexamethonium and ephedrine. 

The existence of vagus fibres connected to adrenergic heart ganglia 
may lead to a better understanding of the results of H. Kabat (1°) and 
others (°) (46) (17), who observed that stimulation of the vagus or its 
intracranial roots, in atropinized dogs, produces heart acceleration even 
in those preparations in which the upper cervical cord was cut and the 
thoracic sympathetic chain severed. Kabat found, in agreement with 
Jourdan and Nowak (°) that in preparations (dog) in which the head 
is connected to the trunk by only the vagi, cerebral anemia induces 
bradycardia, this response being reversed after atropinization. Based 
on these results he formulates the hypothesis of the existence of adre- 
nergic fibres in the vagus system. 

Haney and Lindgren (*) observed that the intravenous injection 
of acety!choline into non-anesthetized atropinized dogs, with complete- 
ly denervated hearts, induces a marked tachycardia. In view of the 
short latency of the effect, the authors are inclined to admit a stimulating 
action of acetylcholine directly on the heart or on intracardiac adre- 
nergic ganglia. 


SUMMARY 


The effects of acetylcholine and epinephrine on the effector systems 
of hearts with intact innervation or with vagal or sympathetic degene- 
rated innervation, are analyzed. 

In hearts with degenerated vagal! nerves, the negative chronotropic 
action of acetylcholine is increased. In the atropinized hearts the thre- 
shold for the positive inotropic action of acetylcholine appears signifi- 
cantly lowered, a fact that is interpreted as due to sensitization, by 
denervation of adrenergic juxta and intracardiac ganglia. The capacity 
of the ventricles to increase the amplitude of their contractions under 
the action of acetylcholine (activation of adrenergic ganglia) is compara- 
ble to that observed in normal hearts. There are no changes of the 
sensitivity nor of the responsiveness of the heart for the positive chro- 
notropic action of acetylcholine. No changes are observed concerninz 
the response of the heart to epinephrine. 

Degeneration of the cardiac sympathetic innervation induces a sig- 
nificant lowering of the threshold for the positive inotropic action of 
acetylcholine. It is confirmed, for the isolated heart, that sympathetic 
denervation leads to an increased chronotropic 2ffect of epinephrine, 
even though the threshold for this effect is not modified. Moreover, the 
positive chronotropic response of the heart to acetylcholine appears abo- 
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lished. In these hearts a reduced capacity of the ventricles to increase 
the strength of contraction under the action of epinephrine or following 
the activation (by acetylcholine or nicotine) of the adrenergic ganglio- 
nic structures, is regularly observed. 

On the basis of the results obtained it is concluded that they give 
further support to the view that there exist vagal preganglionic fibres 
controling the activity of juxta and intracardiac adrenergic ganglia. The 
possibility is discussed of these ganglia being also under the control of 
sympathetic preganglionics. 
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EFFECT OF ACETYLCHOLINE, NORADRENALINE, 
ADRENALINE AND HISTAMINE ON ISOLATED 
ORGANS OF APLYSIA AND HOLOTHURIA 


U. S. VON EULER, NELSON CHAVES AND N. TEODOSIO 
(Institute A. Ozorio de Almeida. Department of Physiology. Recife University) 


‘TT EFFECTS of neurohormones and various drugs on heart and other 
organs of lower animals are of considerable interest not only in 
view of their possible relations to the autonomic nervous system but 
also with regard to the development in the animal series of specific 
receptor mechanisms in the reacting organs. A more detailed knowledge 
in this field might serve as a basis for a functional classification diffe- 


rent from that generally applied in animal systematics. 

A great number of data may be obtained from the reviews published 
by Bacq (1946), Frédéricq (1947), Prosser (1946) Hanstrém (1939), 
Burn (1950) and Prosser (1950). 

Some experiments on the action of autonomic drugs on isolated 
organs from Aplysia and Holothuria from the Recife area are reported 
in the present paper. 


MATERIAL AND METHOD 


The animals, Aplysia dactylomela and Holothuria, were caught on the day of the 
experiment and kept in sea water in the laboratory. 

The following isolated organs were used for the tests: Aplysia heart, with and 
without adjacent ganglia, pharyngeal sac, esophagus, intestine and tunical -muscle. 
Holothuria: water lungs, small intestine, longitudinal muscle. 

The organs were prepared and suspended in a 20 ml bath containing sea water 
diluted with distilled water to 80 %, and airated with oxygen. All experiments were 
performed at room temperature (25° C). 

The drugs used were acetylcholine “Roche”, gl—noradrenaline “Winthrop”, adre- 
naline “Parke, Davis & Co.”, histamine “Roche”, nicotine tartrate, atropine sulfatz, 
and eserine, 

I. Aplysia 

a. Heart. — Some experiments were made on the heart freed from adjacent gan- 
glia. On such preparations acetylcholine in doses of 20 yg and large (conc. 10) 
produced a slow contraction (fig. 1€). No spontaneous movements were observed in 
hearts without ganglia in this experiment. If however, the heart were prepared toge- 
ther with its ganglia, spontaneous beats were recorded in all cases, with a frequency 
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Fic. 1.— Isolated heart, with ganglia, of Aplysia dactylomela in 80 per cent sea water. 
Volume of bath 20 ml, airated with oxygen, 25°C. A. 0.1 yg acetylcholine. 
B. 20 yg acetylcholine, C. (without extracardial ganglia) 20 yg acetylcholine. 
Time marks 20 8; x exchange of bath fluid. 


Fic, 2.— Isolated heart, with ganglia, of Aplysia dactylomela. 0.3 mg nicotine. Heart 
frequency increasing to 44 per m. 


Fic. 3.—Pharyngeal sac (papo) of Aplysia dactylomela. 1: 100 yg dl-noradrenaline. 
2: 50 pg l-adrenaline. 
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of about 6—10 per minute. These preparaticns showed a high sensitivity to acetyl- 
choline. Thus 0.02 pg acetylcholine (10°) (without eserine) diminished the frequency 
but did not stop the heart. Doses of 0.1 yg caused a complete inhibition of the beats 
and relaxation of the heart muscle (fig. 1A). A similar effect was obtained with 
doses of 0.25 yg (10%—2.5-107). Doses of 20 pg (10%) produced a quick 
contraction followed by a slow sustained one (fig. 1C). In preparations which did 
not beat initially a dose of 20 yg acetylcholine usually was followed by rhythmic acti- 
vity after change of bathing fluid and subsidence of the contraction. 

Since it seemed that the inhibitory action was due to the presence of ganglia. 
the action of atropine was investigated. Concentrations of atropine up to 10° did 
not influence the inhibitory action of ‘acetylcholine and also had no action on the 
stimulating effect of higher doses of acetylcholine. This seemed to exclude the possi- 
bility that acetylcholine produced its inhibitory effect by a muscarinic action and indi- 
cated rather a nicotinic action on the ganglionic cells. This assumption was also 
supported by the results with nicotine, which in a dose of 0.38 mg, caused inhibition 
and standstill, followed by a strong stimulation and increase of the frequency (fig. 2). 

As might be expected the additicn of eserine to the bath increased the effect of 


Fic. 4.— A: Isolated water-lung of Holothuria. Sea water. 1: 50 pg histamine di-HCl. 


2: 100 yg acetylcholine. B: 1: 50 yg acetylcholine. 2: 20 yg dl-noradrenaline. 3: 
10 yg l-adrenaline. 


acetylcholine. After eserinization it was also noted that spontaneous rhythmical con- 
tractions ceased, indicating a disturbance of the normal production of impulses initia- 
ting the heart beats. 

The effect of noradrenaline and adrenaline was also tested in a number of cases. 
Even with such high doses as 50 pg adrenaline and 100 yg (2 - 10°) dl-noradrena- 
line no effect could be detected in the majority of cases. In one case it seemed that 
those doses produced relaxation and standstill of the heart followed by irregular 
activity. 

b. Pharyngeal sac (papo).—Spontaneous contractions of low frequency were 
noted in some cases. Contractions of the pharyngeal sac were obtained with acety]l- 
choline in doses of 20 pg and higher (conc. 10-6). 

dl-Noradrenaline regularly caused contractions in doses of 100 yg and higher, 
whereas adrenaline in corresponding doses had no effect (fig. 3). 

Atropine in a concentration of 106 did not inhibit the effect of acetylcholine, 
which therefore appeared to be of the nicotinic type. Nicotine in a dose of 0.5 mg 
also produced contraction. 

Histamine (50 yg) had no visible effect. 
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c. Oesophagus. — The oesophagus responded to acetylcholine in doses of 1 yg and 
higher by contraction. Even on this preparation dl-noradrenaline in doses of 40 yg 
and higher induced a contraction whereas adrenaline in amounts up to 100 yg had 
no effect. 

d. Tunic muscle.—In doses of 20 pg and higher acetylcholine caused a slow 
contraction. 

II. Holothuria 

a. Water-lungs. —No response was obtained with acetylchcline in amounts up 

to 100 pg. On this preparation histamine was active, however, causing a slow con- 


traction in doses of 50 pg (fig. 4A). : 
The response to dl-noradrenaline and adrenaline was notable, in that both subs- 


tances caused a relaxation in doses of 3 yg and higher (fig. 4B). 


Fic. 5.— Isolated longitudinal muscle of Holothuria, 50 pg histamine. 


b. Intestine. — On the oral portion of the intestine acetylcholine induced a slow 
contraction in doses of 20 yg, as did nicotine (50 yg or more). 

No effect was observed with dl-noradrenaline or adrenaline. 

c. Longitudinul muscle. — This preparation was very sensitive to acetylcholine as 
seen by the fact that 0.2 wg caused a contraction in the absence of eserine. In higher 
doses the effect was stronger and more lasting. 

No effect was observed with adrenaline and dl-noradrenaline, but histamine regu- 
larly caused a relaxation (fig. 5). 


DISCUSSION 


The inability of atropine to block the action of acetylcholine in Aply- 
sia limacina was first observed by Heymans (1924) and has been repea- 
tedly confirmed for other mollusc hearts by other authors. The same 
applies to the nervous stimulation of the heart of the mollusc Venus 
(Prosser 1940). 

Our results have confirmed that the inhibitory action of small doses 
of acetylcholine on the Aplysia heart is not blocked by atropine. The 
action can therefore not be muscarinic in nature. 

Our experiments do not show decisively whether the rapid inhibito- 
ry action of acetylcholine is via the ganglia or is a direct effect on the 
muscle fibre, but since larger doses of acetylcholine have a siow stimu- 
lating action, seemingly independent of the ganglia, one might assume 
that the former action is on the ganglia. The effect of acetylcholine in 
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our experiments is rather similar to that obtained with excess potassium 
in the heart of Aplysia limacina by Heymans (1924). The contracture 
of the molluscan heart in response to acetylcholine was ear-ier observed 
by Jullian and Vincent (1938). 

It is not known whether the adrenergic mediators, noradrenaline 
and possibly adrenaline, occur in the Aplysia heart. At any rate our 
experiments have not given any indication that the heart of Aplysia 
possesses receptors capable of reacting to noradrenaline or adrenaline 
in moderate doses. It is of interest that Hykes (1930) found that the 
stimulating effect of adrenaline on the Pterotracheo largely disappeared 
after removal of the subesophageal ganglia. On Helix pomatia Gautre- 
let and Halpern (1935) and Boyer (1926) found no stimulating effect 
of adrenaline. 

On the other hand the smooth muscle of the pharyngeal muscular 
sac and the esophagus show some capacity to react to noradrenaline in 
doses where adrenaline is without effect, although the sensivity is low. 

More surprising perhaps is the relaxation of the water lung of 
Holothuria in response to small doses of noradrenaline and adrenaline, 
acetylcholine in this case being ineffective. This organ was also sensi- 
tive to histamine, like the longitudinal muscle of the Holothuria, although 
the latter organ in contrast to the former, responded to histamine with 
relaxation. 

Our experiments have given some further indication of the varia- 
bility in response of various organs of lower animals to autonomic 
drugs. A further systematic study of this kind seems desirable in order 
to obtain a more detailed picture of the receptor systems of striated and 
smooth muscle for autonomic drugs. 


SUMMARY 


The isolated heart of the mollusc Aplysia dactylomela was found 
to beat rhythmically in the presence of the heart ganglia. Acetylcholine 
inhibited the activity in low concentrations (10°). This action was 
not blocked by atropine (in confirmation of Heymans (1924) and 
others). Larger concentrations of acetylcholine (10-°) or more) cau- 
sed slow sustained contractions in the non-beating heart. 

Moderate doses of noradrenaline and adrenaline had no effect on 
the isolated Aplysia heart, but noradrenaline unlike adrenaline in simi- 
lar doses stimulated the pharyngeal sac of Aplysia. 

In Holothuria histamine caused a contraction and noradrenaline, 
like adrenaline, a relaxation of the water lung, whereas acetylcholine 
had no effect. 

The longitudinal muscle of Holothuria contracted in response to 
small doses of acetylcholine and relaxed with histamine. 
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EFFECT OF AROMATIC AMINES ON NEUROMUSCULAR 
FUNCTION 


F. HUIDOBRO, L. CUBILLOS AND C. EYZAGUIRRE (**) 
(Departamento de Farmacologia, Universidad Catélica de Chile, Santiago, Chile.) 


AS IT IS well known, the effects of a great number of aromatic amines 
on the smooth muscles of blood vessels and bronchi have been exten- 
sively reported. Nevertheless, only a few of them have been investiga- 
ted on neuromuscular function, adrenaline being especially studied (* 4: 
5, 6, 8,10, 18, 19 and 20), 

The object of the present work was to study the effects of some aro- 
matic amines on the neuromuscular preparation in order to learn whether 
certain relations between chemical structure and pharmacological activity 
could be established. To explore this point we investigated the effect of 
these amines, on single muscular twitch, on the neuromuscular block pro- 
duced by C-10 and d-tubocurarine and on the effects of small doses of 
neostigmine and decamethonium. Special attention was directed toward 
adrenaline considering that it is the aromatic amine with the best known 
neuromuscular effects. 


METHODS 


Unselected adult cats weighing from 1450 g to 4300 g were used. They were 
anaesthetized with 1 cm?/Kg of a solution of pentcbarbital-urethane given intraperi- 
toneally (25 % urethane in 3.3 % scdium pentobarbital). Some animals were anaes- 
thetized intravenously with chloralose (80 mg per Kg). 

Most experiments were performed on the quadriceps femoris, but the tibialis 
anterior was also emplcyed. The femur and tibia were fixed by means of drills. The 
distal tendons of the musclés were dissected free and attached to the short arm of 
a writing lever pulling against elastic bands. Both muscles were stimulated through 
the nerve by condenser discharges with pulse durations from 0.10 to 0.13 ms, which 
in turn were controlled by vacuum tubes. The nerve was crushed proximally. Maxi- 
mal stimuli were applied. The stimulating electrodes were made of silver wires 
insulated with rubber. A cannula was inserted in the trachea so that artificial 
respiration could be used when necessary. Action potentials were led off from the 
belly cf the muscle by means of recording electrodes consisting of two steel needles. 

* Aided by a grant from the Fundacion Gildemeister, Santiago, Chile. 

** Present address: Laboratorio de Neurofisiologia, Universidad Catdlica de 
Chile, Santiago, Chile. 
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The potential transient fed a Grass pre-amplifier, which in turn was connected t» 
a Cossor double beam oscillograph (for details of this preparation, see14). The 
trace was then photographed. Recording of end-plate potentials in non-curarized 
muscles was accomplished by means of concentric electrodes which led off potential 
changes from the surface of the exposed tibialis anterior. The muscle preparation 
was covered with mineral oil and maintained at abcut 37° C by radiant heat. Details 
of this recording technique will be published elsewhere (1%). 

Most of the drugs were injected into the terminal end of the abdominal aorta 
after a preliminary ligation of the inferior mesenteric artery, the middle sacral and 
the contra-lateral iliac artery. Atropine and neostigmine were injected intravenously. 

The drugs employed were the following: 

1) Adrenaline base (synthetic). 

2) Nor-adrenaline (arterenol bitartrate monohydrate, 3,4-dioxyphenyl-1-amine- 

2-ethanol). 

3) Cobefrine hydrochloride (3,4-dioxyphenyl-1-amine-2-propanol). 

4) Epinine hydrocloride (3,4-dioxyphenil-1-methylamine-2-etane). 

5) Neo-synephrine hydrochloride (m-hydroxyphenyl-1-methylamine-2-ethano)). 

6) Tyramine hydrcchloride (p-hydroxyphenyl-2-amine-ethane). Eastman Ko- 

dak Co. 

7) Paredrine bromydrate (p-hydroxyphenil-1-amine-propane). 

8) Propadrine base (phenyl-l-amine-2-propanol). 

9) Amphetamine sulphate (phenyl-1-amine-2-propane). 

10) Butanefrine hydrochloride (1(3,4-dioxyphenyl)-2-amine-1-butanol). 

11) Isuprel sulphate (1(3,4-dioxypheny]) -2-isopropylamine-1-ethanol). 

12) Win 3046 “Winthrop” (2-isopropylamine-1-(3,4-dioxypheny]) -butanol). 

Chemical structure and doses appear in table I. 

Al these substances are racemic, except nor-adrenaline which is levorotatory. 
Substances of catecholic structure were stabilized with sodium bisulphite in the con- 
centrations necessary to obtain a 1 % solution. 

13) d-tubocurarine (J. Berlage & Co.). 

14) Decamethonium bromide (Burroughs Wellcome & Co.). 

15) Neostigmine (Prostigmine “Hoffmann La-Roche” and Neostigmina “Beta’”). 

16) Acetylcholine sulphate (Merck) .* 

All these drugs were dissolved in distilled water in volumes not exceeding 0.50 cm. 
Usually a volume of 0.10 cm? was injected. In several animals either the same drug 
was repeatedly injected or different drugs were administered. In any case some 
time was allowed to elapse between injections in order that the drugs be either 
eliminated or metabolized. Cyclic amines were injected at random except for 
butanefrine which was almost always employed before isuprel or Win 3046. The 
employed doses, referred to weight of the base, unless stated otherwise are given in 
table I. These doses produce comparable hypertension and hypotension (16). 


RESULTS 
1) Effect of aromatic amines on single muscular twitch. 
A) 15-17 pulses per minute. 
a) Paredrine, tyramine, amphetamine and propadrine. — None of 


these drugs had any effect (fig. 1). Under different conditions Biilbring 


and Burn (®) have demonstrated a potentiation of the muscular twitch 
after tyramine. 


b) Adrenaline, nor-adrenaline, cobefrine, neo-synephrine and epi- 
nine. — Like the substances described in paragraph a), these drugs 


* We wish to express our gratitude to: H. Croxattc, for 1. To Winthrop Stearn 
Inc. for 2, 3, 5, 10, 11 and 12. To Burroughs Wellcome Co. for 4. To Smith, Kli- 
ne & French Laboratories for 7 and 9. To Parke & Davis for 8. To Instituto Bioqui- 
mico Beta for 13 and 15. 
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Fic. 1.—Effects of aromatic amines on muscular twitch. Potentiating effect of 


neostigmine on the action of these amines. Cat weighing 3000 g anaesthetized 
with sodium pentobarbital. Indirect stimulation of quadriceps femoris at 17 
pulses per minute. 1) 50 yg of n@o-synephrine. 2) 250 yg of butanefrine. 3) 75 yg 
of isuprel. 4) 10 yg of nor-adrenaline. 5) 20 yg of nor-adrenaline. 6) 25 yg of 
epinine. 7) 40 pg of cobefrine. 8) 15 yg adrenaline. 9) 200 yg of paredrine. 
10) 100 ug of neostigmine given intravenously. 11) 12 yg of adrenaline. 12) 20 
pg of Win 3046. Time: one minute. 


A 
A 
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Fic, 2.— Effect of aromatic amines on muscular twitch. Cat weighing 2200 g anaes- 
thetized with sodium pentobarbital. Indirect stimulation of quadriceps femoris 
at 222 pulses per minute. A. 1) 75 yy of isuprel. 2) 20 yg of Win 3046. 3) 40 ug 
of cobefrine. 4) 250 yg of tyramine. 5) 5 pg of adrenaline. 6) 10 pg of nor-adre- 
naline, 7) 200 pg of paredrine. 8) 50 pg of neo-synephrine. 9) 25 yg of epinine. 
B. 1) 750 pg of propadrine. 2) 1000 yg of propadrine. 3) 500 yg of butanefrine, 
4) 1000 yg of butanefrine. Records A and B taken in different cats cf the same 
weight. Time: one minute. 


! 2 3 4 5 6 7 8 9 
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TABLE I 
Chemical structure and doses of aromatic amines. 
H OH 
Re Rs Rg 
R; R; Ry R; Doses 
Win 3046 OH OH OH NH-CH-(CHs3)»2 CH,-CH 20-200 
Isuprel OH OH OH NH-CH-(CH3):» H 75-200 
Butanefrine OH OH OH NHo2 CH»-CH 250-1000 
Nor-adrenaline OH OH OH NHe H 10-30 
Epinine OH OH H NH-CH H 25-100 
Cobefrine OH OH OH NH» CH; 40-100 
Adrenaline OH OH OH NH-CH H 5-30 
Neo-synephrine OH OH NH-CH H 50-200 
Tyramine OH H NH» H 250-1000 
Paredrine OH H NH» CH; 100-500 
Propadrine OH NH» CH; 750-1000 
Amphetamine H NH» CH; 250-2000 


always induced hypertension. In addition they have an action on the 
muscular twitch. Slight potentiation, never exceeding 10 % sometimes 
followed the injection of adrenaline, nor-adrenaline and cobefrine. This 
phenomenon lasted for a few minutes. Fig. 1 illustrates the potentiating 
effect of these substances. However in a few experiments there was de- 
pression or no effect. Depression of the twitch, was always less intense 
than the potentiation. Neo-synephrine produced irregular results i.c., 
either potentiation or depression. In some cases it did not modify twitch 
tension. Epinine had no effect. These results agree with what has been 
described in the literature for adrenaline (* 6 8 19 and 18), nor-adrena- 
line (1°), ephedrine, tyramine, dioxyphenilamine and sympatol (*). 

When adrenaline was injected approximately every five minutes, 
tachyphylaxis was not observed. This result does not agree with that 
of Brown, Goffart and Dias (+). Crossed tachyphylaxis from adrenaline 
to any of the drugs described in this paragraph was not observed. 


c) Butanefrine, Win 3046 and isuprel. — These hypotensive substan- 
ces increased the strength of the muscular twitch as is illustrated in fig. 1. 
The character of this potentiation is similar to that observed when cate- 
cholic hypertensive amines are employed. In a few instances they did 
not modify the muscular response. Results obtained with butanefrine 
were less constant because it occasionally induced depression of twitch 
tension. Intensity and duration of the effects of these substances when 
the neuromuscular preparation was indirectly stimulated at 15-17 pulses 
per minute were more or less similar. In contrast, the intensity of the 
effects of these amines varied a great deal when frequency of stimulation 
was higher, as may be seen in the following paragraph. 
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B) 200-230 pulses per minute. 


a) Paredrine, tyramine, amphetamine and propadrine. — These 
drugs did not modify the muscular twitch (fig. 2B). Other authors have 
described a similar ineffectiveness of amphetamine, though the drug may 
increase the response of a fatigued muscle (1°). 


b) Adrenaline, nor-adrenaline, cobefrine, neo-synephrine and epi- 
nine. — The first three drugs decreased muscular shortening. Intensity 
and duration cf this action decreased in the following order: adrenaline, 
nor-adrenaline and cobefrine, as is illustrated in fig. 2 A. Wen 15 ug of 
adrenaline were employed, 80 % depression of the contraction was obser- 
ved. This action may last over 25 minutes. Sometimes depression is 
preceded by small potentiation. Results obtained with adrenaline are in 
agreement with data available in the literature (1%). Results obtained 
with neo-:ynephrine and epinine are dubious. 


c) Butanefrine, Win 3046 and isuprel.— These chemicals either did 
not modify muscular tension (fig. 2A) or increased the contraction 
(fig. 2B). Butanefrine caused an ever decreasing potentiation until mus- 
cular contraction was slightly depressed (fig. 2B). 


C) Effect of adrenaline on the end-plate potential of uncurarized 
muscle. 


It is known that adrenaline potentiates the responses to acetylcho- 
line (1:7. 12 and 18). It therefore seemed important to know whether 
adrenaline affects the end-plate potential of uncurarized muscle. The 
tebialis anterior was used, indirectly stimulated at a frequency of 12 pulses 
per minute. Results illustrated in fig. 3 indicate that adrenaline increases 
the end-plate potential (from 2.8 mV to 3.5 mV). Also, the decaying 
phase of the response becomes slower than the control. 


2) A) Effects of neostigmine on the responses of aromatic amines. 


Biibring and Burn demonstrated that when the neuromuscular pre- 
paration is indirectly stimulated at a low frequency, the potentiating 
effect of adrenaline is increased by a previous dose of neostigmine (§). 
This result has been confirmed in the present study. Thus, the quadriceps 
femoris was stimulated indirectly at a frequency of 17 pulses per minute. 
A dose varying from 40 to 100 ug of neostigmine, given intravenously, 
produced a marked potentiation of the effect of adrenaline (5-20 ug) on 
the muscular response: (fig. 1). Under the same conditions, neostigmine 
also potentiated the responses to nor-adrenaline, cobefrine and neo- 
synephrine. Examples of the action of some of these drugs are given in 
fig. 1. The action of neostigmine is more effective for adrenaline, and 
decreases in the following order: nor-adrenaline, neo-synephrine and 
cobefrine. Something similar has been described with adrenaline and 
nor-adrenaline (1°). Neostigmine ocasionally potentiated the effects of 
epinine, butanefrine and isuprel. Win 3046 responses may also he po- 
tentiated, but this phenomenon was observed in only 3 out of 15 experi- 
ments. Paredrine and tyramine were also employed, but neostigmine had 
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no effect on the action of these substances. Examples of the action of 
some of these drugs are given in fig. 1. 


B) Effect of adrenaline on the electrogram of normal muscle before and 
after neostigmine. 


The quadriceps femoris was indirectly stimulated every 5 or every 
10 seconds. Muscular contractions were recorded by means of a kymo- 


Fic. 3.— Effect of adrenaline on the 
end-plate potential of uncurarized 
muscle. Cat weighing 2050 g ana- 
esthetized with sodium pentobarbi- 
tal. Tibialis anterior indirectly 
stimulated at a frequency of 12 
pulses per minute. A. Control. B. 2 
minutes after 15 pg of adrenaline 
injected into the aorta. C. 2 mi- 
nutes after B. D. 4 minutes after. 
C. Cal: 2 mV. Time: 2 msec. 


graph and simultaneously the muscle action potentials were photographed 
from an oscilloscope. Adrenaline was injected into the aorta after a 
steady diphasic deflection had been observed for some time (fig. 4A). A 
few seconds after the drug was injected, the responses became repetitive 
(fig. 4B). Repetition lasted for a few minutes and could be abolished by 
increasing the rate of stimulation. This effect could be repeated 
several times in a single animal. The electrical response was roughly 
related to the dose of adrenaline, but there was no strict relation between 
electrical response and strength of contraction, i.e., sometimes a violen: 
outburst of electrical activity was not accompanied by a marked increase 
of twitch tension. Conversely, significant potentiation of the contraction 
did not follow every marked repetition. Once the effect of adrenaline 
was over, a small dose was purposely chosen such as not-to induce repe- 
tition, and if some repetitive discharges were still present, neostigmine 
did not modify them (fig. 4C). When adrenaline was injected a few 


i 
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minutes later, an appreciable increase of repetitive discharges was obser- 
ved (fig. 4D). 


Fic, 4.— Potentiating effect of neostigmine on the action of adrenaline on the elec- 
tromyogram. Cat weighing 2000 g anaesthetized with sodium pentobarbital. 
Quadriceps femoris indirectly stimulated at a frequency of 12 pulses per minute. 
A. Control. B. 2 minutes after 15 yg of adrenaline. Between A and B, 10 yg 
of adrenaline. C. 2 minutes after 100 yg of an intravenous injection of neostig- 
mine. D 2 minutes after 15 yg of adrenaline. Adrenaline was given 20 minutes 
after neostigmine. Cal: 1 mV. Time: 10 msec, 


C) Potentiating effect of decamethonium on the activity of aromatic 
amines in the neuromuscular preparation. 


In cats, anaesthetized either with sodium pentobarbital or chloralose 
the quadriceps femoris or the tibialis anterior was stimulated indirectly 
at a frequency up to 17 pulses per minute. The dose of C-10 was from 
1 ug to 15 ug injected into the aorta. Adrenaline, nor-adrenaline, cobe- 
frine and neo-synephrine were used in these experiments. The experi- 
mental procedure was the following: the amines referred to were injected 
previously as control. Then 30 seconds before another injection of one 
of these compounds, C-10 was given. Figure 5 indicates that decametho- 
nium increased the action of these amines. It must be emphasized that 
neostigmine showed to be more effective than C-10 in producing the 
already described effects. 


3) A) Effect of aromatic amines on neuromuscular transmission blocked 
by d-tubocurarine. 


Stimulus frequency ranged from 15-17 pulses per minute. Approxi- 
mately 300 ug of d-tubocurarine was injected into the aorta, There follo- 
wed a 90 % to 100 % reduction of the twitch tension lasting several mi- 
nutes. Aromatic amines were injected at the beginning of the neuro- 
muscular recovery. Another dose of d-tubocurarine was administered, if 
the twitch tension had recovered about 50 %, in order to abolish muscular 
shortening. In this way, several substances were tried in a single animal. 


| 
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| | 
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a) Paredrine, tyramine, amphetamine and propadrine. — Paredrine 
increased curarization slightly (no effect was observed in one animal out 
of five). The same action was observed with tyramine. Tyramine, 
amphetamine and propadrine did not modify twitch tension during par- 
tial curarization. 


39 


Fic. 5.—Potentiating effect of small doses of C-10 to the action of adrenaline 
and nor-adrenaline on single muscular twitch. Cat weighingh 2500 g anaesthevized 
with sodium pentobarbital. Quadriceps femoris indirectly stimulated at a fre- 
quency of 17 pulses per minute. (1) 15 yg of adrenaline; (2) nor-adrenaline, 
10 p9; (3) 5 pg of C-10. Time in minutes. 


A C 
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Fic. 6.— Effects of Butanefrine, Win 3046, Isuprel, Neo-Synephrine, amphetamine 
and cobefrine on the neuromuscular blockade induced by d-tubocurarine. A and 
B: eat weighing 3300 g anaesthetized with sodium pentobarbital. Quadriceps 
femoris stimulated indirectly at a frequency of 17 pulses per minute. A. At the 
signal intra-aortic injection of 300 yg of d-tubccurarine. B. 10 minutes after A. 
1) 250 pg of butanefrine. 2) 60 yg of d-tubocurarine. 3) 20 yg of Win 3046. 
4) 75 ug of isuprel. 5) 50 yg of neo-synephrine. C. Cat weighing 2500 g anaesthe- 
tized with sodium pentobarbital. Quadriceps femoris stimulated at a frequency 
of 17 pulses per minute. 1) 116 yg cf d-tubocurarine. 2)1000 yg of amphetami- 
ne. 3) 500 pg of cobefrine. Time: one minute. 


b) Adrenaline, nor-adrenaline and cobefrine. — Both quadriceps fe- 
moris and tibialis anterior were used in cats anaesthetized either with 
sodium pentobarbital or chloralose. In all experiments these drugs had a 
decurarizing action. The action of cobefrine is illustrated in fig. 6C. 
These findings agree with other investigations of adrenaline and nor-adre- 
naline (*}4 and 2°). The decurarizing action of these substances is not 
marked and it lasts about 3 minutes (fig. 6C). 

c) Neo-synephrine, epinine, butanefrine, Win 3046 and isuprel. — 
These substances showed a decurarizing effect in all the experiments 
(fig. 6B). This action is not pronounced and appears slowly (fig. 6B). 


a 
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B) Effect of aromatic amines cn neuromuscular transmission blocked 
by decamethonium (C-10). 
Methods employed were similar to those of section A. 


a) Paredrine, tyramine, amphetamine and propadrine. — These drugs 
did not show any action on the block caused by C-10. 


Fic. 7.—Effects of cobefrine, epinine and butanefrine on neuromuscular blockade 
induced by C-10. Cat weighing 2560 g anaesthetized with sodium pentobarbital. 
Quadriceps femoris indirectly stimulated at a frequency of 17 pulses per minute. 
The animal had previcusly received 12.5 and 2.5 yg of C-10 alternating with 15 yg 
of adrenaline during a period of 26 minutes, before the first record. 1) 100 yg 
of C-10. 2) 40 yy of cobefrine. 3) 50 yg of epinine. Between 2 and 3, 65 yg of C-10. 
4) 500 pg cf butanefrine. Between 2 and 4, 95 yg of C-10. Time: one minute. 


b) Adrenaline, nor-adrenaline and cobefrine. — When the neuro- 
muscular preparation was blocked by the action of C-10, these drugs 
counteracted this effect. Figure 7 illustrates the action of cobefrine. 
These results agree with those of West and Zaimis for the action of adre- 
naline and nor-adrenaline (2°). It must be emphasized that the antago- 
nistic acticn of these drugs is not constant; it was found only in about 
70-80 “; of the experiments. The anti-decamethonium action appears 
slowly (fig. 7). 

c) Epinine, neo-synephrine, butanefrine, Win 3046 and isuprel. — 
These drugs in doses indicated in table I, had an anti-paralyzing effect 
when the neuromuscular preparation was blocked by C-10. A typical 
action of epinine and butanefrine is illustrated in fig. 7. The antagonis- 
tic effect of these drugs was less constant than in the case of the drugs 
in paragraph b). These substances showed decreasing activity, as enu- 
merated in section c); e.g., epinine showed no effect in two of seven expe- 
riments; on the contrary, isuprel had an anti-paralyzing action in one of 
five experiments. Also, twitch tension reappeared slowly. 

It is interesting to notice that the antagonistic activity of these ami- 
nes depends both on their chemical structure and on whether the prepa- 
ration was blocked by C-10 or by d-tubocurarine (table I). In both cases, 
benzylic amines are ineffective; hypertensive catecholic amines are less 
effective when antagonizing.C-10 than d-tubocurarine; the remaining 
“hypertensive amines” are less effective than catecholic amines, “Hvpo- 
tensive amines” are almost ineffective against C-10. 


da 
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DISCUSSION 


The mechanism by which adrenaline increases muscular twitch is 
not well understood. Some authors have suggested that this phenomenon 
is due to release of K (15). Results obtained by other investigators indi- 
cate that the mechanism of action is more complex. It has been reported 
in several papers that adrenaline potentiates the response induced by 
acetylcholine (1.7.9 12 and 18). It is also known that adrenaline and si- 
milar substances counteract the blockade by d-tubocurarine and C-10 
(3: 4,20 and this paper). These facts suggest a synaptic action, which 
has been confirmed by the end-plate potential changes obtained after the 
injection of the drug. Adrenaline was less effective against C-10 block 
than it was against the neuromuscular blockade after d-tubocurarine 
This phenomenon may be explained by the depressant action of C-10 on 
the muscle fiber (17). 


It has been suggested that the potentiating effect of adrenaline on 
muscular twitch tension is due to a direct action of the fiber for the 
following reasons: adrenaline may induce shortening of denervated mus- 
cles (5 and 18), modification of the action potentials (*), and the demar- 
cation potential (¢) of normal muscle. The action of adrenaline on the 
metabolism of muscle is beyond the scope of this paper to be referred 
here. Furthermore, repetitive responses have been described in this pa- 
per. Repetitive responses after neostigmine and eserine have been held 
responsible for the twitch potentiation when the muscle is indirectly sti- 
mulated at low frequencies (2). By similar reasoning repetitive dischar- 
ges after adrenaline could explain increased muscular shortening. The 
increase in mechanical response when adrenaline is given after neostig- 
mine, may be explained by the increase of repetition which occurs under 
these circumstances. This is probably not the sole explanation of the faci- 
litation of twitch tension, for a strict relation between tension developed 
and amount of repetition could not be established (see Results). It con- 
sequently seems clear that the action of adrenaline on the neuromuscular 
preparation involves both synaptic and muscular mechanisms. 


Probably the mechanism of action of other aromatic amines is similar 
to that of adrenaline. This assumption is based on the fact that these 
amines have similar pharmacological effects and similar chemical 
structure, 


It is important to emphasize here that the effect of adrenaline is 
more intense if this drug is injected during muscular fatigue (18). Also, 
the potentiating effect of amphetamine appears only under this condi- 
tion (1°). For the time being it is difficult to explain such a phenomenon. 
A tentative explanation could be that these compounds are capable of 
restoring some phase of muscle metabolism which has been depressed by 
fatigue. 


The antagonistic effect of a few aromatic amines on paralysis indu- 
ced by d-tubocurarine and C-10 are known (3:4 and 2°). In this paper 
other cyclic amines have been studied. The synaptic action of adrenaline 
could explain the decurarizing effect of the drug. Nevertheless, the anta- 
gonistic effect against C-10 paralysis, which acts by a different mecha- 
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nism, needs further exploration (21). Probably in the latter case, actions 
of adrenaline beyond the end-plate are playing an important rédle. 

Although the neuromuscular effects of some aromatic amines are 
independent of their hypertensive and hypotensive actions, the vascular 
changes may sometimes overshadow them (15 and 18). Results obtained 
in this paper confirm this possibility (see Results, section I A and I B). 
Another fact reinforces the masking effect of vascular changes on the 
neuromuscular action of these amines; a single injection of butanefrine 
induces hypotension, but repetition of the dose converts hypotension into 
hypertension (11 and 16). Under certain experimental conditions (stimu- 
lating with a frequency of about 200 pulses per minute), a single injection 
of butanefrine induced an increase of muscular tension, this potentiation 
declined and was transformed into depression when further doses of 
butanefrine were injected. 

Apparently when the neuromuscular preparation is being stimulated 
with a frequency of 200 pulses per minute, vascular changes are more 
important in what strength cf contraction is concerned. This is exempli- 
fied by the fact that twitch potentiation is obtained only after “hypoten- 
sive amines’’. 

Aromatic amines require a special structure in order to be able to 
potentiate muscular contractions induced by indirect stimulation. This 
effect has not been observed after paredrine, tyramine, amphetamine 
and propadrine. In order to obtain maximal potentiation, two structural 
conditions seem to be required: a catecholic ring (3,4-hydroxybenzyl) 
and one hydroxyl group on the alpha carbon of the lateral chain. The 
transformation of the phenylic into a benzylic ring produces inactive com- 
pounds such as propadrine and tyramine. These structural conditions 
are also necessary to counteract the neuromuscular block induced by 
d-tubocurarine and C-10 and to obtain a potentiating effect after neos- 
tigmine (Table I). 


SUMMARY 


Cats anaesthetized with sodium pentobarbital and chloralose were 
used throughout the experiments. Quadriceps femoris and tibialis ante- 
rior were used and stimulated indirectly. 


1.— Adrenaline, nor-adrenaline, cobefrine, butanefrine, isuprel and 
Win 3046 potentiated the twitch tension slightly when a frequency of 
stimulation up to 17 pulses per minute was used. Neo-synephrine gave 
inconclusive results. Epinine had no action. Adrenaline, nor-adrenaline 
and cobefrine depressed muscular contractions when the neuromuscular 
preparation was stimulated at a frequency of 200 pulses per minute, 
Win 3046, isuprel and butanefrine increased muscular shortening when 
studied using the same frequency of stimulation. 

Paredrine, amphetamine, tyramine and propadrine did not modify 
muscular contractions. 


2. — Neostigmine increased potentiation induced by adrenaline, nor- 
adrenaline, cobefrine, neo-synephrine and epinine (low frequency stimu- 
lation). Neostigmine sometimes potentiated the effects of butanefrine, 
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isuprel and Win 3046 but it had no action on the effects of paredrine 
and tyramine. 

3. — Decamethonium increased the effect of adrenaline, nor-adren2- 
line, cobefrine and neo-synephrine when the neuromuscular preparation 
was stimulated at 15-17 pulses per minute. 

4.— During the twitch potentiation induced by adrenaline, the end- 
plate potential became larger and more prolonged; also, repetitive re:pon- 
ses were observed. Repetitive discharges induced by adrenaline were 
potentiated by neostigmine. 

5. — Adrenaline, nor-adrenaline, cobefrine, epinine, butanefrine, isu- 
prel and Win 3046 antagonized the neuromuscular block induced by 
d-tubocurarine. Paredrine, tyramine, amphetamine and propadrine were 
ineffective. Adrenaline, nor-adrenaline, cobefrine, epinine, neo-synephri- 
ne and butanefrine counteracted the blocking action of C-10 on neuromus- 
cular transmiszion. Isuprel and Win 3046 were occasionally effective. 
Paredrine, tyramine, amphetamine and propadrine were ineffective. 

6. — The mechanism by which adrenaline increases muscular twitch 


tension is discussed. 
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INTERVENCION DE CORTEZA CEREBRAL EN LA 
INTEGRACION DE UNA REACCION VEGETATIVA 


Condicionamiento de un estimulo tactil, a la accién del cianuro. 


R. ALVAREZ-BUYLLA Y M. RUSSEK 


(Laboratorio de Neurofisiologia de la Escuela Nacional de Ciencias Biolégicas, 
Instituto Politéenico Nacicnal, México) 


OS TRABAJOS de nuestro laboratorio estan encaminados al estudio de 

los mecanismos nerviosos que controlan las funciones responsables 

de la estabilidad del medio interno en los mamiferos superiores. La ma- 

yor parte de los experimentos hechos con esta finalidad, tanto por nosotros 

como por otros autores, fueron “agudos” y realizados en animales anes- 

tesiados, en los cuales quedan. eliminadas las funciones correspondientes a 
los centros nerviosos superiores, fundamentalmente el telencéfalo. 

Como es légico sospechar que en condiciones fisiol6égicas el telencé- 
falo intervenga en la integracién de las respuestas que surgen como con- 
secuencia de variaciones en el medio interno, decidimos iniciar estudios 
en animales que conservaran sus funciones telencefalicas. 

En los perros sin anestesiar pueden surgir cambios en la frecuencia 
cardiaca y en la respiracién, como consecuencia de un sinnimero de esti- 
mulos incontrolados que llegan hasta el animal, por lo que es necesario 
mantenerlo en las condiciones de aislamiento, imprescindibles para ase- 
gurarnos de que las reaceiones que se obtengan sobre respiracién o frecuen- 
cia cardiaca son respuestas a los estimulos que nos proponemos aplicar. 

Estas condiciones pueden conseguirse siguiendo el método habitual 
para 2] estudio de reflejos condicionados, por lo cual decidimos montar una 
cAmara que nos permitiera desarrollar este tipo de estudios ("). 

El cambio del medio interno que seleccionamos como estimulo, fué 
la variacién del oxigeno arterial, debido a su importancia fisiol6égica y a 
que disponemos de datos directos del lugar y forma en que actua este esti- 
mulo (funcién quimiorreceptora, en las zonas reflexogénicas >: *: 4). 

Como los efectos del cianuro son equivalentes a la anoxia anoxémica, 
decidimes utilizar inyecciones de cianuro como estimulo directo. Para 
hacer llegar hasta los interorreceptores la solucién de cianuro sin produ- 
cir ningtin estimulo adicional como consecuencia de la entrada del inves- 
tigador a la camara del animal o de la manipulaci6n necesaria para inyec- 
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tar, se ideé un sistema hidraulico que permite inyectar en cualquier mo- 
mento desde la camara del observador. 

Para el registro de la funcién cardiaca se utiliz6 un electrocardié- 
grafo, construido especialmente en nuestro laboratorio, que nos propor- 
ciona el trazo directamente en el quimégrafo, simultaneamente con el re- 
gistro de la respiraci6n. 

En la cAmara se dispone de los aditamentos necesarios para la apli- 
cacién de estimulos tactiles, eléctricos, visuales y auditivos. En la figu- 
ra 1 aparece un esquema de esta cdmara, con los dispositivos especiales 
que fueron montados para este trabajo. 


Fic. 1.—- Esquema de la camara de reflejos condicionados. I, Camara del animal. 
II, Camara del observador. 1) Mirilla; 2) Manémetro de saliva; 3) Contador de 
gotas de saliva; 4) Colector de saliva; 5) Embudo para colectar saliva; 6) Inte- 
rruptores eléctricos que controlan las excitaciones: luminosa, sonora, alimenticia, 
dolorcsa; 7) Mesa; 9) “Comedero”; 11) Estimulo tdctil; 12) Pera de goma para 


accionar el estimuto tdctil; 14) Pajilla del electrocardiégrafo; 15) €lectrocar- 
diégrafo. 


En las condiciones de aislamiento de esta cAmara, se observé en el 
electrocardiograma de todos los perros, una arritmia respiratoria muy 
acentuada, la cual aparece con mayor claridad cuando el perro esta tran- 
quilo o dormido, lo que nos decidié a tomarla como indicador del grado 
de reposo del animal y de haber cesado todas las reacciones de orientacién 
que presenta el perro al estar en un medio nuevo para él. 

En los perros anestesiados con nembutal, cloralosa, uretano, etc. (°), 
se comprobé que el cianuro produce bradicardia refleja; sin embargo, las 
inyecciones de cianuro hechas a perros sin anesteSiar producen una taqui- 
cardia definida como la que se presenta en la figura 2. La intensidad de 
la misma es funcién de las dosis inyectadas. Con objeto de determinar 
la relacién dosis-efecto, se hizo una serie de observaciones. con cuyos da- 
tos se construyé6 la curva que aparece en la figura 3. De su analisis se dedu- 
ce que la dosis umbral es aproximadamente de 0.02 mg por kg de peso, 
y que el efecto que ocasiona va aumentando al aumentar la cantidad de 
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Fic. 2.— Perro en la cémara de reflejos condicionados. Efectos sobre frecuencia 
cardiaca y respiracién, de la inyeccién intraperitoneal de 200 yg de cianuro por 
kg de peso corporal. A, antes de la inyeccién; B, después de la inyeccién. 


270) 
240, 
210: 
150; 
120; 

90, 


02 01 02 05 
Fic, 3.— Curva que relaciona los cambios de frecuencia cardiaca con distintas dosis 


de cianuro. En las erdenadas, frecuencias cardiacas en pulsaciones por minuto; 
en las abscisas, cantidad de cianuro inyectado en mg por kg de peso. 
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cianuro inyectado. Examinando el desarrollo en el tiempo de las respues- 
tas producidas por 0.2 mg, inyectados por via intraperitoneal, vimos que 
la latencia oscilaba entre uno y dos minutos, siendo en la mayor parte de 
los casos de 1m 20 seg. La frecuencia cardiaca aleanza su maximo a los 
3.5 m, y varia entre el 170 y el 240 % de su valor inicial. 


Fic, 4.— Perro en la cémara de reflejos condicionados. Efectos de la inyeccién intre- 
peritoneal de cianuro y efectos de un estimulo tdctil condicionado. A, antes de la 
inyeccién de cianuro. B, Después de la inyeccién de cianuro. C, Antes de la apli- 
cacién del estimulo tdctil condicionante. D, Después del estimulo tdctil condicio- 
nante. En este ultimo registro, ademds de electrccardiograma y respiracién, apa- 


rece la senal electromagnética que marca los momentos de aplicacién intermitente 
del estimulo, 


El hecho de ser la respuesta a la inyeccién, en los animales sin anes- 
tesiar, la inversa de la obtenida en los animales anestesiados, nos planteé 
el problema de si esta diferencia en la reaccién es debida a la intervencién 
de los centros telencefalicos, que quedan eliminados en el estado de anes- 
tesia, o si dependen de los efectos del anestésico sobre los centros del bulbo 
raquideo. 

Uno de los procedimientos que pueden utilizarse para estudiar la 
intervencién de corteza cerebral en la integracién de estas’ respuestas, es 
intentar la formacién de reflejos condicionados. Con ese fin se planed 
una serie de experimentos en los cuales intentamos condicionar el efecto 
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que produce el cianuro, en los animales sin anestesiar, a un estimulo tactil 
ligero. 

Se escogié para ello un perro que, por su conducta, debia clasificarse 
segtin los criterios de la escuela de Pavlov, como sanguineo. Se le inyecté 
cianuro aplicando a continuacién un estimulo tactil y tomando los regis- 
tros de respiracién y electrocardiograma simultaneamente. El] estimulo 
tactil produjo respuestas sobre coraz6én y respiracién, con signos claros 
de condicionamiento (figura 4). 

Se escogié para su andlisis la reaccién sobre coraz6én porque tomando 
come indice la frecuencia cardiaca, se puede obtener datos cuantitativos 
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Fic. 5.— Perro en la cémara de reflejos condicionados. Desarrollo en el tiempo del 
efecto que sobre frecuencia cardiaca produce: © 200 yg por kg de peso de cia- 
nuro, /\ el estimulo tactil antes de condicionarse; X después de condicionarse y e 
la aplicacién simultdnea del estimulo tdctil con la inyeccién de cianuro después 


del condicionamiento. Ordenadas: frecuencia cardiaca en ciclos por minuto. 
Abscisas; tiempo en minutos. 


faciles de comparar, mientras que en el registro de respiracién hemos 
observado que la respuesta se manifiesta en algunas ocasiones por un 
aumento de frecuencia, en otras por un aumento de amplitud y en muchas 
se mezclan ambos componentes. 

En algunos experimentos hubo signos obvios de condicionamiento en 
reacciones del animal, de las cuales no podiamos obtener registro grafico 
y mucho menos datos cuantitativos; por ejemplo, sus muestras de intran- 
quilidad, una forma peculiar de respiracién con la boca abierta, hipersali- 
vacion, ete., que se presentan con el estimulo tactil en forma semejante 
a como aparecen después de la inyeccién de cianuro. 
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Para el estudio analitico de las respuestas condicionadas sobre fre- 
cuencia cardiaca, se construyeron las curvas de la figura 5, colocando en 
las ordenadas la frecuencia cardiaca en pulsaciones por minuto, y en las 
abscisas, el tiempo. En A, la inyeccién de cianuro, en B, la aplicacién del 
estimulo tactil. La curva que une los puntos marcados con circulos describe 
el desarrollo en el tiempo que sobre frecuencia cardiaca producen los 200 
microgramos de cianuro inyectados por via intraperitoneal. La curva que 
une los puntos marcados con triangulos demuestra que el estimulo tactil, 
antes de su condicionamiento, no produce variaciones de frecuencia car- 
diaca. La que une los puntos marcados con triangulos negros representa 
el efecto que produce este mismo estimulo después de su condicionamiento. 

Estas curvas demuestran claramente que después del condiciona- 
miento el estimulo tactil produce un efecto similar a la inyeccién de cia- 
nuro, tanto en lo que respecta a intensidad de la respuesta como a su des- 
arrollo temporal. Cuando se aplican simultaneamente el estimulo directo 
y el condicionante, se obtiene una respuesta que corresponde a la curva 
que une los circulos negros en la figura 5. Del analisis de esta curva se 
desprende que al aplicar simultaneamente el estimulo condicionante y el 
directo, la respuesta es iniciada por el estimulo condicionante, mientras 
que el mantenimiento del efecto es debido al estimulo directo. 

El hecho de simular el estimulo tactil la presencia de cianuro en san- 
gre, demuestra con claridad la intervencién de la corteza cerebral en la 
integracién de estas respuestas vegetativas, en forma similar a como 
Buikov y sus colaboradores la han demostrado en otros mecanismos tam- 
bién vegetativos. Hechos que nos hacen ver, que no podemos limitar el 
estudio de estas funciones o de la influencia que sobre ellas ejercen algu- 
nas substancias, a los datos que nos proporcionan los experimentos ‘‘agu- 
dos’’, hechos en animales anestesiados, pues en tales casos las respuestas 
son mas esquematicas por no intervenir en ellas el 6rgano que en los ma- 
miferos superiores tiene la funcién de integrar, a un nivel superior, tanto 
los componentes somaticos como los componentes vegetativos de las reac- 
ciones que aparecen en respuesta a un cambio en el equilibrio del medio 
interno. 
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